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ABSTRACT 


The  Terminal  Access  Control  System  (TACS)  is  designed  to  make  efficient 
usage  of  25-kHz-wide  satellite  transponder  channels,  such  as  those  available 
on  FLEETSAT,  GAPSAT,  and  LEASAT.  It  does  so  by  applying  time  division  multiple 
access  and  automated  demand  assignment  techniques  to  these  channels,  allowing 
a  significant  increase  in  both  data  throughput  and  supportable  user  population, 
as  compared  to  the  initial,  single  network  per  transponder  FLEETSAT  operating 
mode.  The  Terminal  Technology  Group  of  Lincoln  Laboratory  Division  6  has 
built  prototypes  of  all  of  the  TACS  ground  segment  eauipment,  as  well  as 
special-purpose  test  equipment  used  to  demonstrate  and  auantifv  the  performance 
of  TACS.  This  report  describes  the  implementation  details  of  components  of 
the  TACS  Vcentral  Control  Facility^  as  configured  for  testing  at  the  Laboratory. 
The  components  described  are:  the  Multiple  Access  Controller,  the  Call 
Simulator,  the  System  Operator's  Console,  and  the  Scenario  Generator.  All 
differences  in  implementation/configuration  between  the  testing  environment 
and  a  full-scale  operational  environment  are  noted  in  the  report. 
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PREFACE 


The  Terminal  Access  Control  System  is  designed  to  allow  efficient  usage- 
of  25-kHz-wide  satellite  transponder  channels,  such  as  those  available  on 
FLEETSAT,  GAPSAT  and  LEASAT.  By  applying  time  division  multiple  access  and 
real-time  ( i . e automatic)  demand  assignment  techniques  to  these  channels, 

TACS  significantly  increases  both  data  throughput  and  supportable  user  popu¬ 
lation,  when  compared  to  the  initial,  single  network  per  transponder  FLEETSAT 
operating  mode.  TACS  employs  centralized  demand  assignment  control,  and 

prioritizes  all  message  traffic  so  that  equitable  preemption  is  possible  when 

★ 

important  calls  find  the  system  fully  occupied. 

In  order  to  demonstrate  the  feasibility  and  quantify  the  performance  of 
TACS,  the  Terminal  Technology  Group  of  Lincoln  Laboratory  Division  6,  has 
built  prototypes  of  all  the  equipment  comprising  the  TACS  ground  segment. 

Units  were  built  in  sufficient  numbers  that  two  fully-cquippc-d  TACS  communica¬ 
tions  sites  could  be  set  up:  a  remote  subscriber  station  and  the  Central 
Control  Facility.  The  Central  Control  Facility  includes  the  Call  Simulator 
(a  piece  of  special  test  equipment)  which  creates  the  appearance  that  there 
exists  a  large  active  population  of  remote  terminals.  This  simulator  allows 
testing  of  TACS  demand  assignment  performance  in  a  full-scale  deployment 
scenario.  Before  commencing  with  this  report's  description  of  the  implementa¬ 
tion  of  the  Central  Control  Facility,  an  overview  of  the  system  is  provided. 

A.  System  Highlights 

The  TACS  equipment  configuration  is  depicted  in  Fig.  P-1.  A  remote  sta¬ 
tion  ("Mobile  Platform")  installation  consists  of  an  existing  UHF  transceiver 
such  as  the  half-duplex  WSC-3  and  a  TACS  subscriber  unit  (TAC)  which  supports 
up  to  four  user  I/O  devices.  The  TAC's  major  functions  are  to  perform  syn¬ 
chronization  to  the  system  time  base,  multiplexing/demultiplexing,  error  con¬ 
trol  encoding/decoding  and  circuit  requesting/relinquishment.  Although  only 
two  are  shown,  there  might  be  several  hundred  remote  stations.  One  active 
central  control  site,  with  backups  for  survivability,  is  required.  The  cen¬ 
tral  control  site  installation  consists  of  a  bank  of  TACs  and  transceivers 
(preferably  full  duplex  and  one  per  channel  being  managed  by  TACS) ,  many  user 
devices,  and  the  central  demand  assignment  control  minicomputer  (MAC)  facility, 

* 

The  Navy  has  contracted  with  Motorola  Corporation's  Government  Electronics 
Division  for  development  of  the  "Semiautomatic"  UHF  DAMA  System,  which  in¬ 
corporates  a  number  of  the  TACS  design  features.  That  system  is  semi¬ 
automatic  in  that  circuit  assignment  is  done  by  a  human  operator  rather  than 
a  computer  at  the  Master  Control  Station.  The  Semiautomatic  DAMA  terminal 
hardware,  however,  has  been  specified  such  that  it  can  operate  in  a  fully 
automated  mode;  thus  the  intended  upgrading  to  automatic  assignment  will 
only  require  the  addition  of  the  MCS  computer.  Semiautomatic  DAMA  terminal 
production  is  scheduled  to  start  at  the  beginning  of  FY  81,  with  MCS  up¬ 
grading  anticipated  after  a  few  years  of  deployment.  At  that  point,  it  is 
presumed  that  most  of  the  TACS  capabilities  will  be  placed  in  operational 
usage. 
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Fiq.  P-1.  System  conf iqura t ion . 
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Fig.  P-2.  Frame  structure  (including  system  control  circuits). 
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which  includes  a  System  Operator's  Console.  The  MAC  maintains  a  data  base 
which  contains  all  the  relevant  information  on  the  eonf igurat ions  and  status 
of  all  terminals  in  the  system,  as  well  as  the  satellite  channels.  Using  the 
information  in  the  data  base,  together  with  circuit  reauests,  ranging  signals 
and  reports,  the  MAC  performs  its  three  main  functions:  system  time  base 
management,  circuit  assignment,  and  adaptive  control  of  system  parameters. 

Although  TACS  is  capable  of  supporting  typical  point-to-point  communica¬ 
tions  with  total  connectivity,  the  system  is  normally  configured  in  a  way  more 
applicable  to  netted  military  operations.  TACS  can  support  data  nets  of  two 
distinct  types,  designated  "all-member”  and  "point-to-poi nt . "  An  all-member 
net  corresponds  to  the  traditional  military  network,  its  more  important  charac¬ 
teristics  being  that  when  the  net  is  on  the  air,  all  members  are  expected  to 
continuously  monitor  net  traffic  and  to  respond  if  polled  by  a  net  controller. 
All-member  nets  traditionally  have  large  populations  (i.e.,  tens  of  members). 
The  point-to-point  net  more  closely  resembles  the  commercial  telephone  system, 
and  as  implied  by  its  name,  it  is  designed  for  two-party  calls.  TACS  allows 
multipoint  (conference)  calls  within  a  point-to-point  net.  Additional  parties 
are  added  one  at  a  time,  via  a  new  circuit  request  for  each  additional  party. 

The  TACS  central  controller  synchronizes  all  subscriber  units  to  time 
frames  of  duration  approx imately  2  s.  The  frame  is  divided  uniformly  into 
nine  basic  data  slots,  each  of  which  could  accommodate  an  independent  2400-bps 
data  circuit  among  terminals  with  nominal  link  quality.  Figure  r-2  shows  the 
frame  structure,  for  a  channel  containing  the  system  control  circuits.  The 
control  burst  (generated  by  the  MAC)  contains  a  pseudonoise  sequence  from 
which  remote  subscriber  units  can  derive  receiver  (i.e.,  downlink)  frame  sync 
and  also  includes  control  messages  directed  to  the  remote  users.  The  pair  of 
ranging  subslots,  which  arc  monitored  by  the  MAC,  is  provided  so  that  remote 
units  can  send  short  bursts  to  the  MAC,  which  can  use  the  burst  arrival  times 
to  compute  transmitter  (i.e.,  uplink)  frame  sync  commands.  Finally,  the  six 
request  and  status  report  subslots  allow  the  remote  users  to  inform  the  MAC  of 
their  current  status  and  immediate  needs  for  communications  circuits.  Request 
subslots  are  continuously  available  to  all  terminals,  under  a  shared  or  random- 
access  protocol.  In  addition,  dedicated  usage  of  the  report  subslots,  which 
have  sufficient  capacity  to  carry  both  a  report  and  a  request,  cycles  through 
the  user  community  via  a  round-robin  protocol. 

TACS  is  highly  automated,  requiring  very  little  human  operator  control 
and  a  minimum  of  user/svstem  interaction.  At  the  central  control  site  the 
system  operator's  presence  is  required  only  when  it  is  necessary  to  add  or  de¬ 
lete  channels  from  the  pool  under  TACS  control.  The  equipment  operator  of  a 
remote  site  is  needed  only  to  initially  configure  the  subscriber  unit  -  e.g., 
to  specify  which  net  is  to  use  which  I/O  port.  Finally,  the  user  interfaces 
with  the  demand  assignment  features  of  TACS  via  a  simple  device  named  the 
Terminal  Input  Controller  (TTC) ,  consisting  of  a  keyboard  number  pad  and  a  one- 
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line  alphanumeric  display.  The  keyboard  allows  the  user  to  enter  cal]  para¬ 
meters,  such  as  message  precedence,  and  to  signal  for  hangup.  The  display  in¬ 
forms  the  user  of  the  status  of  any  pending  circuit  requests  and  of  any 
impending  call  preemptions.  In  the  background  as  far  as  human  intervention  is 
concerned,  the  TACs  and  MAC  au toma t ica lly  handle:  terminal  synchronization, 
link  status  report ing/1 ink  adaptinq,  circuit  assignment,  and  system  control 
circuit  configuration  (e.g.,  the  number  of  request  slots  varies  with  time  ns 
a  function  of  measured  request  rate) . 

B.  System  Documentation 

Quite  a  volume  of  preliminary  documentation  was  written  during  the  early 
12  3 

phases  of  TACS  '  '  .  This  report  is  one  of  three  constituting  the  final  TACS 

4 

documentation  package.  Of  the  other  two  reports,  Taylor  and  Bernstein 
presents  che  top-level  system  design  and  the  performance  test  results.  Landon 
et  al .  describes  implementation  details  for  the  subscriber  units. 

This  report  provides  details  of  the  implementation  of  the  TACS  Central 
Control  Facility.  Reader  knowledge  of  TACS  concepts  and  of  the  higher-level 
elements  of  TACS  design  is  presumed.  That  material  is  most  readily  available 
in  Reference  4. 
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INTRODUCTION 


I  . 

A  subset  of  the  components  of  ttie  Terminal  Access  Control  System  (TAGS) 
as  implemented  at  Lincoln  Laboratory  is  known  as  the  "Central  Control 
Facility."  The  facility  consists  of  the  Multiple  Access  Controller  (MAC), 
the  Call  Simulator,  the  System  Operator's  Console,  and  the  "Master"  Terminal 
Access  Controller  (Master  TAC) .  Figure  1-1  is  a  block  diagram  showing  the 
configuration  of  the  Central  Control  Facility.  The  types  of  data  transferred 
between  the  four  units  arc  indicated.  Figure  1-2  is  a  photograph  of  the-  MAC 
and  the  System  Operator's  Console,  Fig.  1-3  depicts  the  Master  TAC,  and 
Fig.  1-4  depicts  the  Call  Simulator. 

This  report  is  organized  around  a  unit-by-unit  description  of  the  Central 
Control  Facility.  Sections  to  follow  describe  the  MAC,  the  Call  Simulator, 
and  the  System  Operator's  Console.  As  the  implementation  details  of  the  Master 
TAC  unit  are  similar  to  those  of  a  "remote”  TAC  unit,  they  are  presented  in 
Landon  et  al .  **  rather  than  in  this  document.  An  additional  section  has  been 
included  in  this  document  to  describe  the  "Scenario  Generator,"  a  user-inter- 
active  computer  program  greatly  simplifying  the  construction  of  TACS  operating 
environments.  A  number  of  appendices  and  a  glossary  are  also  included  with  the 
report.  The  appendices  provide  further  implementation  details,  many  of  which 
will  assist  the  reader  in  understanding  the  material  in  the  body  of  the  report. 
The  glossary  should  assist  the  reader  by  clearly  defining  the  many  terms  and 
acronyms  that  (necessarily)  have  come  to  be  used  in  descriptions  and  discus¬ 
sions  of  TACS. 

It  should  be  noted  that  the  MAC,  Call  Simulator,  System  Operator’s  Console, 
and  Scenario  Generator  software  described  in  this  report  has  been  designed  to 
work  with  the  nine-slot  frame  structure  described  in  Appendix  A.  This  frame 
structure  requires  all  subscriber  units  to  be  equipped  with  32  ksps  modems. 

As  the  TAC  units  built  at  Lincoln  Laboratory  currently  operate  at  19.2  ksps,  a 
five-slot  frame  structure  (also  described  in  Appendix  A)  has  been  designed  for 
system  operations  with  scenarios  containing  real  as  well  as  simulated  TACs . 

This  requires  additional,  five-slot  frame  versions  of  MAC,  Call  Simulator,  and 
Scenario  Generator  software.  (A  single  version  of  the  System  Operator's  Con¬ 
sole  software  can  accommodate  either  five-  or  nine-slot  system  operations;  see 
Section  IV.)  Unless  specific  reference  is  made  to  the  five-slot  frame 
structure,  all  implementation  details  presented  in  this  report  pertain  to  the 
nine-slot  frame.  The  differences  between  the  five-  and  nine-slot  systems  are 
enumerated  in  Appendix  D. 
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II. 


MULTIPLE  ACCESS  CONTROLLER 


The  Multiple  Access  Controller  (or  MAC)  is  implemented  on  a  minicomputer 
and  located  at  the  Central  Control  Facility.  Its  jobs  are  to  provide  remote  ter¬ 
minals  with  uplink  time  synchronization  commands  and  to  control  user  access  to 
the  satellite  transponder  channels. 

Remote  terminals  send  initial  ranging  probes  ,with  ambiguity  of  +  20  ms) 
and  range  update  probes  (with  ambiguity  +  0.5  ms)  to  the  central  control  site 
via  special  time  slots  in  one  of  the  satellite  transponder  channels.  A  sub¬ 
scriber  unit  at  the  central  site  measures  arrival  time  of  the  probes  and 
passes  that  information  on  to  the  MAC.  The  MAC'S  part  in  the  uplink  sync  pro¬ 
cess  is  to  calculate  the  timing  offset  (At)  from  nominal,  to  figure  out  the 
address  of  the  probing  terminal,  and  to  send  a  time  slew  command  to  that  ter¬ 
minal. 

By  far  the  larger  task  of  the  MAC  is  managing  usage  of  the  satellite  re¬ 
sources.  Requests  for  circuits  from  remote  terminals  are  received  by  a  sub¬ 
scriber  unit  at  the  central  control  site  and  passed  to  the  MAC,  which  initially 
just  places  them  in  a  queue.  Accessing  the  request  queue  ir  order  of  message 
precedence  and  time  of  arrival,  the  MAC  considers  requests  one  by  one.  Requests 
normally  receive  a  response,  usually  an  assignment  of  capacity  but  sometimes 
a  "busy"  message,  within  two  time  frames.  Consideration  of  a  request  is  a  two 
stage  process.  In  stage  one,  the  MAC  references  its  extensive  data  base  to 
determine  the  present  status  of  all  terminals  which  are  parties  to  the  call. 

The  critical  status  items  are  the  individual  terminal’s  link  condition  and  any 
ongoing  data  traffic.  Poorest  link  quality  among  the  terminals  which  are 
parties  to  the  call  determines  code  and  symbol  rates,  and  thus  indirectly  the 
number  of  slots  which  are  needed  to  support  the  call.  Ongoing  traffic  at  some 
of  the  terminals  may  restrict  the  location  (i.e.,  which  slots  of  the  nine  per 
time  frame)  of  the  slot(s)  used  for  the  call.  In  stage  two,  the  MAC  takes  as 
input  the  near-optimum  set  of  slots  for  the  call,  and  determines  if  those  slots 
are  available  (idle)  in  any  of  the  transponder  channels.  The  first  available 
slots  found  are  assigned  to  the  call.  If  the  first  iteration  of  request  con¬ 
sideration  turns  up  no  available  capacity,  the  MAC  reiterates,  allowing  for 
preemption  of  lower  precedence  ongoing  calls.  The  end  result  of  the  iterative 
process  is  one  of  two  decisions:  to  assign  capacity  for  the  call  or  to  reject 
the  request.  In  either  event,  the  MAC  composes  and  transmits  a  response 
message,  clears  the  request  under  consideration  from  the  queue,  and  proceeds 
to  try  to  honor  the  next  queued  request,  if  any.  Calls  which  are  assigned 
capacity  leave  the  system  in  one  of  three  ways:  preemption  by  the  MAC  (rare), 
expiration  of  the  time  requirement  (if  initially  specified  in  the  request), 
or  upon  MAC  receipt  of  a  hangup  signal  from  the  requesting  party. 

The  MAC  applications  software,  which  was  not  optimized  (for  either  run 
time  or  memory  requirements),  occupies  13. 5K  words  of  16-bit  memory;  the  pro¬ 
gram  itself  uses  4 . 5K  words,  with  tables  and  buffers  using  the  other  9K  words. 
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Measurements  revealed  that  in  the  worst-observed  case,  the  MAC  minicomputer 
was  only  actively  processing  at  0.1  duty  cycle,  the  rest  of  the  time  available 
for  processing  being  spent  j.n  "wait  loops."  Thus  the  mid-1960's  technology, 

32K  word  minicomputer  was  more  than  adequate  for  MAC  implementation.  Future 
similar,  demand  assignment  systems  could  very  well  use  microprocessor-based 
central  controllers. 

A.  Interfaces  and  Data  Flow 

1.  Configuration  in  a  Full-Scale  Operational  Environment 

The  MAC  may  be  viewed  as  the  central  control  node  of  TACS.  It  must  inter¬ 
face  with  every  subscriber  unit  in  the  TACS  user  community.  Communication  be¬ 
tween  the  MAC  and  remote  subscriber  units  occurs  over  the  satellite  links  via 
specially  designated  subslots  (the  control,  request/report,  and  ranginq  sub¬ 
slots)  provided  in  the  Time  Division  Multiple  Access  (TDMA  frame.  Since  the 
MAC  has  no  direct  satellite  interface,  the  transceiver (s )  belonging  to  a 
(number  of)  TAC  unit(s)  located  on  the  same  platform  or  ground  station  as  the 
MAC  is  (are)  used  to  link  the  MAC  to  remotely  located  subscriber  units  (see 
Fig.  P-1).  In  an  operational  Naval  system  this  Central  Control  Facility  would 
probably  be  located  at  Communications  Area  Master  Station  (CAMS)  or  a  COMMSTA. 

An  array  of  up  to  nine  TAC  units  and  associated  transceivers,  ideally  though 
not  necessarily  one  for  each  satellite  channel  under  TACS  control,  would  be 
located  at  the  Central  Control  Facility.  Data  are  passed  between  the  MAC  and 
the  transceiver  (array)  via  a  hard-wired  interface.  The  MAC  must  also  interface 
with  the  system  operator.  This  is  accomplished  by  another  hard-wired  link  to 
the  System  Operator's  Console.  Thus,  every  system  management  data  transfer  in 
TACS  is  routed  through  the  MAC.  Note  that  the  MAC  has  no  interface  with  the 
data  being  passed  between  the  TACS  end  users  via  assigned  circuits;  the  MAC 
plays  no  role  in  circuit  management  other  than  circuit  assignment  and  ter¬ 
mination  . 

2.  Configuration  in  the  Lincoln  Laboratory  TACS  Central  Control  Facility 

The  Lincoln  Laboratory  TACS  test  configuration  (as  contrasted  to  an  opera¬ 
tional  TACS  configuration)  contains  only  two  subscriber  units.  One  of  these  is 
designated  as  the  Master  TAC:  It  accesses  satellite  subslots,  allowing  (control 
burst,  request,  status  report,  and  ranging  burst)  data  transfer  between  the  MAC 
and  the  remotely  located  subscriber  unit  (the  "remote"  TAC).  System  management 
data  generated  locally  by  users  at  the  Master  TAC  are  sent  directly  to  the  MAC, 
along  with  the  system  management  data  received  from  the  remote  TAC.  The  Master 
TAC  also  provides  the  MAC  with  a  time  base  for  real-time  operations  by  sending 
an  interrupt  pulse  to  the  MAC  at  the  start  of  every  time  frame. 

Another  component  of  the  TACS  test  configuration  is  the  Call  Simulator,  a 
minicomputer-based  simulation  of  a  large  community  of  TACS  subscriber  units. 

The  Call  Simulator  interfaces  with  the  MAC  in  the  same  fashion  as  the  Master 
TAC:  The  system  management  data  passed  between  the  MAC  and  Call  Simulator  are 
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virtually  idential  to  the  data  which  would  bo  passed  (in  a  full-scale  system) 
between  the  MAC  and  the  TAC  units  at  the  central  control  site  in  order  to  ser¬ 
vice  a  large  TACS  user  community.  This  arrangement  requires  MAC  management  of 
an  interface  (the  Call  Simulator  interface)  that  wouldn't  exist  in  a  full-scale 
operational  system.  It  also  requires  that  the  MAC  merge  the  system  management 
data  from  the  real  and  simulated  TAC  units.  These  disadvantages  are  far  out¬ 
weighed  by  the  power  and  flexibility  in  all  phases  of  MAC  verification  and 
testing  that  are  obtained  through  the  use  of  the  Call  Simulator. 

Yet  another  Lincoln  Laboratory  TACS  component  communicating  directly  with 
the  MAC  is  the  System  Operator's  Console.  This  unit,  the  Master  TAC,  the  Call 
Simulator,  and  the  MAC  itself,  comprise  the  Lincoln  Laboratory  TACS  Central 
Control  Facility.  The  block  diagram  of  the  Central  Control  Facility  (Fig.  1-1) 
graphically  depicts  the  MAC'S  role  as  the  controlling  node  of  the  facility,  and, 
therefore,  of  the  entire  TAC  system.  The  diagram  indicates  the  type  of  data 
passed  between  the  MAC  and  each  of  the  three  units  with  which  it  must  inter¬ 
face. 

3.  System  Management  Data  Flow 

Every  frame,  the  MAC  accepts  system  management  data  from  each  of  the  other 
three  Central  Control  Facility  units.  It  then  merges  and  processes  the  data, 
making  the  appropriate  changes  in  its  data  base.  Finally,  system  management 
data  are  sent  out  to  each  of  the  units  reflecting  the  results  of  the  MAC'S 
processing.  All  of  this  must  occur  within  an  amount  of  time  equivalent  to 
one  time  frame's  duration  (approximately  2s).  The  time  base  for  these  real¬ 
time  operations  is  provided  by  the  Master  TAC’s  start  of  frame  (SOF)  interrupt 
pulse. 

The  input  from  both  the  Master  TAC  and  the  Call  Simulator  consists  pri¬ 
marily  of  requests  and  status  reports.  The  requests  contain  parameters,  sup¬ 
plied  by  the  end  users  located  at  the  subscriber  units'  I/O  ports,  that  are 
required  by  the  MAC'S  circuit  assignment  algorithm.  Status  reports  contain 
information  on  the  current  communications  activity,  satellite  range,  and  link 
quality  of  the  subscriber  unit  making  the  report.  In  addition  to  request  and 
status  report  input,  ranging  bursts  are  sent  to  the  MAC  (via  the  Master  TAC) 
by  the  Remote  TAC  when  it  first  enters  the  system.  The  input  from  the  System 
Operator's  Console  consists  of  commands,  generated  by  the  system  operator,  all 
of  which  alter  the  current  TACS  communication  configuration. 

The  output  system  management  data  sent  to  both  the  Master  TAC  and  the  Call 
Simulator  (i.e.,  the  control  burst  data)  consist  of  both  call  (request)  re¬ 
sponses  such  as  circuit  assignments  and  "busy  signals,”  and  system  control  in¬ 
formation  such  as  preemptions  of  circuits  and  satellite  range  updates.  The 
System  Operator's  Console  receives  data,  derived  from  the  MAC'S  data  base, 
indicating  overall  system  activity.  This  information  is  used  to  generate 
various  displays  of  current  system  status. 


Two  particular  aspects  of  TACS  design  heavily  impact  the  I/O  and  processing 
functions  of  the  MAC.  The  first  is  the  finite  amount  of  system  management  data 
capacity  in  the  TACS  TDMA  frame.  Reasonable  system  response  time  and  stability 
require  that  the  MAC  make  use  of  as  much  of  this  capacity  as  possible.  Therefore, 
not  only  must  the  MAC  perform  I/O  operations  with  all  Central  Control  Facility 
units  in  every  frame,  but  it  must  process  as  much  of  the  input  data  as  possible, 
in  an  ordered  fashion,  until  it  has  either  exhausted  the  output  data  capacity 
(control  burst  capacity)  or  the  processing  time  allotted  for  the  frame.  The 
second  design  aspect  is  the  requirement  that  the  MAC'S  data  base  always  truly 
reflect  the  on-going  communications  activity  in  the  (real  and/or  simulated) 

TACS  user  community.  This  implies  that  (1)  status  reports  from  subscriber 
units  must  be  processed  as  quickly  as  possible,  and  (2)  the  MAC  must  not  make 
any  changes  in  its  data  base  that  aren't  immediately  forwarded  to  the  user  com¬ 
munity  in  the  control  burst.  These  issues  will  be  discussed  in  greater  detail 
in  subsequent  sections. 

B.  Hardware  Operating  Environment 

Figure  2-1  is  a  diagram  of  the  hardware  implementation  of  the  MAC  and  its 
interfaces  with  the  other  Central  Control  Facility  units.  The  various  items 
shown  are  divided  into  four  categories:  (1)  computer  (hosting  the*  MAC),  (2) 

TACS  interfaces,  (3)  other  Central  Control  Facility  units,  and  (4)  operating 
system  peripherals.  Each  category  is  discussed  below. 

1.  Computer 

The  MAC  has  been  implemented  on  a  Varian  620/L-100  minicomputer  containing 
32K  16-bit  words  of  core  memory  with  a  950-ns  cycle  time.  Front-panel  sense 
switches  are  available  to  control  program  flow.  The  following  CPU  options  arc 
required  to  run  the  MAC  program:  extended  addressing,  hardware  multiply/divide, 
and  interrupt.  A  Varian  Real-Time  Clock  (RTC )  module  is  also  required  by  the 
MAC  program  to  control  its  internal  real-time  events.  The  real-time  clock  must 
be  set  to  operate  at  1  kHz. 

2.  TACS  Interfaces 

The  MAC  exchanges  data  with  the  other  TACS  Central  Control  Facility  units 
via  three  Varian  "Universal  Asynchronous  Serial  Controller"  (UASC)  cards.  The 
cards  implement  an  FS-232  standard  interface.  All  controllers  are  set  to  operate 
at  a  data  rate  of  9600  baud.  These  serial  ports  are  used  by  the  MAC  in  a  direct 
memory  aeeess  (DMA)  mode,  requiring  three  "Buffer  Interlace  Controller"  (BTC) 
cards,  one  to  be  associated  with  each  UASC  card. 

One  further  TACS  interface  is  required:  an  interface  to  the  start  of  frame 
(SOF)  interrupt  pulse  forwarded  to  the  MAC  by  the  Master  TAC.  This  is  provided 
by  a  Varian  "Priority  Interrupt  Module"  (PIM)  card.  The  start  of  frame  interrupt 
supplied  via  the  PIM  is  the  principal  time  base  for  the  MAC'S  real-time  oper¬ 
ations.  The  Real-Time  Clock  module  is  used  to  derive  internal  MAC  real-time 


events  based  on  this  SOF  interrupt.  This  relationship  is  illustrated  in  Fig.  2 
The  figure  also  indicates  the  receipt  of  the  SOF  interrupt  pulse  by  the  Call 
Simulator,  after  a  stage  of  inversion.  The  inversion  is  required  due  to  the 
opposing  pulse-edge  triggering  requirements  of  the  PIM  in  the  Varian  and  the 
Call  Simulator's  interrupt  interface. 

3.  Other  Central  Control  Facility  Units 

The  Call  Simulator  has  been  implemented  on  a  Digital  Equipment  Corporation 
(DEC)  PDP-11/03  minicomputer.  The  PDP-11/03  contains  a  programmable  real-time 
clock  and  an  external  interrupt  interface.  I/O  from/to  the  MAC  is  handled 
via  DEC  programmed  I/O  rather  than  direct  memory  access.  Section  III  contains 
further  Call  Simulator  implementation  details. 

The  Master  TAC  consists  of  two  parts:  (1)  the  "Fast  Processor,"  imple¬ 
mented  on  an  Advanced  Micro  Devices  (AMD)  2901  microprocessor,  and  (2)  the 
"Demand  Access  Controller"  (DAC) ,  implemented  on  an  Intel  8080  microprocessor. 
The  DAC  is  the  part  of  the  Master  TAC  communicatinq  with  the  MAC.  DAC  I/O 
from/to  the  MAC  is  handled  via  direct  memory  access.  The  DAC  does  not  have  a 
programmable  real-time  clock.  The  Fast  Processor  generates  the  SOF  interrupt 
pulse,  which  is  passed  to  the  DAC  as  well  as  to  the  MAC  and  Call  Simulator. 

For  Master  TAC  implementation  details,  see  Landon  et  al  /*  . 

The  System  Operator's  Console  is  an  Intelligent  Systems  Corporation  (ISC) 
Intecolor  8051  intelligent  color  graphics  terminal.  Communication  with  the 
MAC  is  done  at  the  console  via  programmed  I/O.  The  Operator's  Console  does  not 
have  an  interrupt  module  or  a  programmable  real-time  clock,  and  therefore 
requires  a  special  real-time  software  interface  with  the  MAC.  The  System 
Operator's  Console  is  described  in  further  detail  in  Section  IV. 

4.  Operating  System  Peripherals 

A  number  of  the  items  shown  in  Fig.  2-1  as  being  interfaced  to  the  Varian 
minicomputer  are  not  integral  parts  of  the  TACS  Central  Control  Facility.  The 
Tektronix  4006-1  graphics  terminal,  the  National  Cash  Reqistor  (NCR)  C-260-200 
terminal,  the  two  Pertec  6860  tape  drives,  and  all  associated  controllers  are 
used  by  the  operating  system  resident  in  the  Varian.  This  operating  system, 
described  in  the  next  section,  provided  the  software  environment  necessary  to 
develop  and  test  the  MAC.  Although  a  few  MAC  routines  do  directly  address  the 
operating  system  peripherals,  such  use  is  only  for  initialization,  verification 
and  testing  of  the  MAC'S  operation  in  TACS. 

C.  Software  Operating  Environment 

The  MAC  was  developed  and  tested  under  the  control  of  a  magnetic  tape 
operating  system  developed  at  Lincoln  Laboratory.  This  operating  system,  known 
as  the  "Sanguine  Simulation  Facility"  or  "Debug,"  allows  transfer  of  programs 
and  data  between  Varian  memory  and  magnetic  tape,  examination/modification  of 
register  or  memory  contents,  setting  of  program  break  points,  etc.  All  other 


necessary  program  development  tools  (editor,  assembler,  tape  file  manipulation 
programs,  etc.)  are  available  under  the  control  of  the  operating  system. 

All  MAC  code  was  written  in  Varian  assembly  language.  The  assembler  that 
was  used  was  originally  supplied  by  Varian,  but  was  modified  extensively  at 
Lincoln  Laboratory.  The  high-speed  line  printers  at  the  Lincoln  Laboratory 
IBM  370/168  facility  were  used  to  generate  program  listings. 

Documentation  of  all  MAC  support  software  is  available.6  Appendix  F  con¬ 
tains  a  map  showing  the  organization  of  the  MAC  software  and  the  Debug  operating 
system  software  in  the  Varian  minicomputer's  memory. 

D.  Real-time  Structure 

1.  Considerations  Influencing  Real-time  Structure  Design 

I/O  considerations  have  necessarily  had  a  great  effect  on  the  design  of 
the  MAC'S  real-time  structure.  The  three  RS-232  standard  serial  interfaces 
connecting  the  Varian  to  the  other  Central  Control  Facility  units  must  be 
serviced  bi-directionally  during  every  frame.  Servicing  these  serial  ports 
via  direct  memory  access  (DMA)  I/O  provides  a  number  of  advantages  over 
programmed  I/O  operations:  (1)  DMA  allows  for  more  efficient  use  of  Varian  CPU 

time,  requiring  only  a  trivial  number  of  machine  instructions  to  initiate  I/O 
operations.  (2)  The  servicing  of  a  number  of  simultaneously  operating  asyn¬ 
chronous  interfaces  is  automatically  handled  by  the  DMA  controllers,  simpli¬ 
fying  the  required  I/O-handling  code.  The  controllers  transfer  data  to  computer 
memory  only  when  and  if  such  data  have  been  received.  This  feature  allows  the 
MAC  to  service  only  those  interfaces  that  are  active,  i.e.,  the  MAC  will  operate 
whether  or  not  all  of  the  other  Central  Control  Facility  units  are  connected 
to  it . 

The  quantity  and  type  of  data  passing  through  each  MAC  interface  in  a  frame 
have  been  defined,  for  the  most  part,  by  system-level  design  parameters.  For 
a  detailed  description  of  these  data,  see  Appendix  C:  "System  Management  Data 
Formats."  The  minimum  amount  of  time  (per  frame)  that  each  interface  transfers 
data  is  therefore  fixed,  given  the  data  rate  (9600  baud)  and  the  Varian  hard¬ 
ware  limitation  of  doing  DMA  I/O  in  only  one  direction  at  a  time  for  a  port. 

A  number  of  factors  have  influenced  the  locations  in  the  frame  (relative  to 
the  SOF  interrupt)  at  which  these  transfers  occur.  One  such  factor  is  the  capa¬ 
bilities  of  the  other  Central  Control  Facility  units.  For  example,  the  Demand 
Access  Controller  section  of  the  Master  TAC  does  not  have  a  programmable  real¬ 
time  clock,  and  therefore  passes  request,  status  report,  and  ranging  data  to 
the  MAC  immediately  after  receiving  the  SOF  interrupt  pulse.  As  another  ex¬ 
ample,  the  System  Operator's  Console,  having  neither  a  clock  nor  an  interrupt 
capability,  uses  the  data  received  from  the  MAC  to  determine  time,  sending  data 
to  the  MAC  immediately  after  transfer  of  the  system  status  data  stream  is  com¬ 
pleted.  Another  factor,  clearly,  is  the  relationship  of  the  data  transfers 
to  the  MAC'S  processing  tasks.  This  relationship  can  be  very  complex,  given 
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the  Varian's  ability  (via  DMA)  to  perform  processing  tasks  while  I/O  is  in 
progress,  and  the  need  for  the  MAC  to  maintain  as  high  a  level  of  throughput 
as  the  TACS  TDMA  frame  structure  allows. 

The  real-time  structure  of  the  MAC  has  also  been  influenced  by  the  need 
for  a  fairly  straightforward  means  of  verifying  and  testing  MAC  software.  Since 
detailed  examination  of  the  MAC'S  status  cannot  occur  in  the  TACS  real-time 
environment,  the  ability  to  start  and  stop  the  MAC  has  been  incorporated  into 
the  real-time  structure.  By  the  use  of  a  Varian  front-panel  sense  switch,  MAC 
real-time  operations  are  halted  and  the  Debug  operating  system  environment  is 
entered.  The  entire  TAC  system  is  in  a  consistent  state  when  the  MAC  is  halted: 
the  MAC,  Master  and  Remote  TACs,  Call  Simulator,  and  System  Operator's  Console 
all  are  in  agreement  as  to  current  system  communications  activity.  The  contents 
of  I/O  buffers,  data  bases,  etc.,  can  be  easily  examined  at  this  point.  Real¬ 
time  operations  can  then  be  continued  without  re-initialization  of  the  run. 

2.  Description  of  Real-time  Structure 

Figure  2-2  is  a  combined  flowchart  and  timing  diagram  for  the  MAC'S  real¬ 
time  structure.  The  axis  running  across  the  center  of  the  figure  represents 
a  single  2.027-s  TACS  TDMA  frame.  The  numbers  above  the  axis  represent  the 
time  (in  seconds  relative  to  the  start  of  frame)  of  events  occurring  during  the 
frame.  These  events,  designated  by  RS0,  R0,  Rl,  RS2,  etc.,  are  flowcharted 
below  their  positions  on  the  frame  time  axis.  Each  event  is  connected  to  the 
next  event  by  the  occurrence  of  a  real-time  clock  (RTC)  or  start  of  frame  (SOF) 
interrupt,  as  indicated  by  the  dashed  lines.  RINT  designates  the  code  segment 
that  sets  up  real-time  operations:  hence  RINT  does  not  occur  at  any  special 
time  in  the  frame.  Note  that  the  designations  RINT,  RS0,  R0,  etc.,  are  iden¬ 
tical  to  the  labels  on  the  sections  of  the  MAC'S  real-time  control  software 
handling  the  corresponding  events.  The  time  intervals  during  which  the  input 
and  output  from  each  Central  Control  Facility  unit  are  expected  to  occur  are 
indicated  above  the  axis.  Note  that  these  time  intervals  are  generally  much 
shorter  than  the  time  intervals  during  which  the  interfaces  are  enabled.  This 
provides  extra  time  margin  that  may  be  required  if  input  from  any  of  the  units 
arrives  at  the  MAC  slightly  delayed.  Also  indicated  above  the  axis  is  the  time 
interval  in  the  frame  that  is  allotted  for  "MAC  processing  tasks,"  that  is,  for 
all  MAC  operations  other  than  I/O.  The  initiation  of  the  MAC  processing  tasks 
is  also  shown  in  the  flowcharts  for  events  RS2  and  R2 . 

It  can  be  seen  from  the  diagram  that  the  MAC'S  time  base  originates  with 
the  SOF  interrupt,  which  is  used  to  reset  the  real-time  clock  at  the  start  of 
every  frame.  The  RTC  interrupt  provides  the  timing  for  events  within  the  frame. 
Hence,  one  of  these  two  interrupts  is  enabled  at  every  point  in  the  frame.  It 
is  also  of  note  that  the  I/O  and  processing  tasks  do  not  overlap,  which  is  to 
say  that  the  Varian's  DMA  I/O  capability  discussed  in  the  preceding  section 
is  not  being  fully  exploited.  Testing  has  shown  that  the  processing  time  re¬ 
quired  by  the  MAC  is  generally  much  smaller  than  (and  is  typically  ■  10*  of) 


the  time  remaining  in  a  frame  after  all  I/O  time  has  been  accounted  for.  This 
eliminates  the  need  for  a  process ing-1 /0  overlap  in  the  real-time  structure, 
which  would  necessarily  be  far  more  complex  than  the  current  scheme.  The  MAC 
is  now  programmed  to  keep  track  of  the  maximum  amount  of  single-frame  proces¬ 
sing  time  required  durinq  a  run.  Should  the  processing  time  provided  for  the 
MAC  ever  prove  insufficient  (which  is  not  expected  to  occur),  this  fact  will 
be  recognized  at  event  R3  and  the  run  will  be  terminated. 

A  brief  description  will  now  be  given  of  the  sequence  of  real-time  events. 
When  the  SOF  interrupt  occurs  during  a  run,  control  is  transferred  to  event  R0. 
(Event  RS0  occurs  only  at  the  first  SOF  interrupt  after  RINT,  that  is,  when 
real-time  mode  is  being  entered.)  At  this  time  the  BIC  (the  Varian  DMA  con¬ 
troller)  is  directed  to  transmit  system  status  data  to  the  System  Operator's 
Console.  The  data  are  contained  in  a  buffer  set  up  during  the  MAC  processing 
tasks  in  the  previous  frame.  Input  data  from  the  Master  TAC  and  the  Call  Simu¬ 
lator  are  expected  immediately  after  SOF;  hence  the  BICs  have  been  prepared  for 
input  from  these  units  during  the  previous  frame  (at  R4).  At  R1  (0.700s  after 
SOF),  all  input  from  the  Master  TAC  and  the  Call  Simulator  should  be  complete, 
and  the  appropriate  interfaces  are  disabled.  A  loop  is  now  entered  to  sense 
completion  of  the  transfer  of  data  to  the  System  Operator's  Console.  When  com¬ 
pletion  is  sensed,  the  BIC  is  directed  to  accept  (system  operator  command)  input 
from  the  console. 

When  the  MAC  was  in  the  demand  assignment  performance  testing  phase, 
requiring  long  (overnight)  runs,  a  problem  developed  in  the  MAC  /  Call  Simulator 
serial  interface  that  intermittently  prevented  the  simulator  from  properly 
receiving  MAC  output.  Replacement  of  the  I/O  controller  cards  used  for  the 
interface  failed  to  correct  the  problem.  Since  the  exact  nature  of  the  problem 
remained  unclear,  and  further  MAC  performance  testing  was  necessary,  an 
"automatic  repeat  request"  (ARO)  scheme  was  developed.  This  scheme  is  implemented 
at  event  R2  (SOF  +  0.900  s)  immediately  after  the  System  Operator's  Console 
input  is  disabled.  If  the  Call  Simulator  had  not  correctly  received  the 
previous  frame's  MAC  (control  burst)  output,  a  special  code  is  sent  in  the 
following  simulator-to-MAC  data  stream.  If  this  code  is  detected  at  R2,  the  MAC 
logs  the  occurrence  of  the  output  error  and  clears  the  Master  TAC  and  Call 
Simulator  input  buffers  of  the  data  just  received.  The  run  is  terminated  with 
an  error  message  on  the  fifth  consecutive  error;  otherwise,  MAC  processing  is 
suspended  for  a  frame,  allowing  the  previous  frame's  output  to  be  retransmitted 
to  the  Call  Simulator  upon  the  occurrence  of  event  R3. 

If  no  indication  of  a  Call  Simulator  output  error  is  found  at  R2,  a  Varian 
front-panel  sense  switch  is  tested  for  the  occurrence  of  a  run  halt.  If  the 
run  is  to  be  halted,  the  RTC  interrupt  is  disabled  and  the  Debug  operating 
system  environment  is  entered,  allowing  inspection  of  the  MAC'S  data  base  and 
I/O  buffers.  When  a  run  has  been  halted,  the  MAC'S  input  buffers  contain  the 
data,  just  received  from  the  three  other  Central  Control  Facility  units,  that 


will  bo  processed  upon  resumption  of  real-time  operations  (via  RINT) .  The  out¬ 
put  buffers  contain  the  data  just  sent  to  the  units.  All  TAG'S  units  reflect 
the  results  (circuit  assignments,  preemptions,  satellite  ranges  updates,  etc.) 
of  the  last  frame  of  MAC  processing  before  the  run  halt,  i.e. ,  the  entire  sys¬ 
tem  is  in  a  consistent  state. 

If  no  run  halt  occurs  at  R2,  MAC  processing  begins.  Note  again  that  no 
I/O  occurs  during  this  time.  The  data  in  the  input  buffers  are  merged  and 
processed,  the  results  are  reflected  in  the  output  buffers  and  the  MAC’s  data 
base,  and  the  input  buffers  are  cleared.  MAC  processing  will  be  discussed  in 
greater  detail  in  sections  to  follow. 

At  SOF  +  1.850  s  event  R3  occurs.  If  the  MAC  has  not  completed 
its  processing  tasks,  the  run  is  terminated  with  an  error  message.  Otherwise, 
the  output  of  (control  burst)  data  to  the  Call  Simulator  and  Master  TAC  is 
enabled.  At  R4  (SOF  +  1.925  s)  the  Call  Simulator  and  Master  TAC  interfaces 
are  enabled  for  the  input  expected  at  the  next  SOF  interrupt.  A  tape  dump  will 
occur  at  this  point  if  a  front-panel  sense  switch  is  enabled  and  the  MAC'S 
frame  count  is  at  a  multiple  of  1000.  The  data  sent  to  tap>e,  accumulated  during 
the  MAC'S  processing  tasks,  may  be  used  to  study  the  time  behavior  of  the  MAC'S 
performance . 

Examination  of  the  TACS  TDMA  frame  structure  and  the  real-time  and  pro¬ 
cessing  interactions  of  the  major  TACS  units  indicates  system  delays  in  the 
establishment  and  termination  of  circuits.  Appendix  B  contains  an  example  of 
the  timing  aspects  of  such  an  assignment  and  termination  for  a  circuit  of  three 
frames  duration. 

E.  Processing  Structure 

1.  Considerations  Influencing  Processing  Structure  Design 

The  processing  tasks  of  the  MAC  were  organized  with  two  TACS  frame  structure 
limitations  in  mind:  '!)  the  limited  amount  of  control  burst  capacity  per 

frame,  and  (2)  the  limited  amount  of  time  that  could  be  allotted  for  processing 
per  frame.  (Note  that  the  latter  has  not,  in  retrospect,  proven  to  be  a 
constraining  factor;  see  Section  II. D.)  The  implication  of  these  limitations 
is  that  the  processing  tasks  must  be  ordered  such  that  those  with  highest  prior¬ 
ity  have  first  access  to  the  MAC’s  time  and  control  burst  resources. 

MAC  processing  tasks  that  are  necessary  to  maintain  system  stability  and 
consistency  are  of  highest  priority  and  are  performed  first.  These  include 
such  tasks  as  using  the  subscriber  units'  status  reports  to  update  the  MAC  data 
base  (to  more  accurately  reflect  subscriber  communications  activity  and  link 
quality),  putting  all  new  user  requests  into  a  queue  for  later  servicing,  and 
issuing  satellite  range  corrections  to  subscriber  units.  The  next  level  of 
priority  is  given  to  the  system  operator's  commands,  all  of  which  alter  the 
system's  communications  configuration.  Finally,  the  MAC  services  the  user 
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requests  that  are  waitinq  in  queue,  altering  its  data  base  as  it  does  so. 

The  MAC  continues  at  this  task  until  either  all  requests  have  been  serviced, 
processinq  time  for  the  frame  has  expired,  or  all  of  the  control  burst  capacity 
for  the  frame  has  been  used  up. 

In  some  cases,  the  ordering  of  tasks  has  been  due  to  their  logical  rela¬ 
tionship,  or  due  to  the  MAC's  software  structure,  rather  than  priorities.  For 
example,  the  routine  that  issembles  the  MAC'S  control  burst  output  buffer  is  not 
run  until  all  of  the  MAC's  data  base  changes  for  the  f rami'  are  complete,  i.e., 
until  the  MAC  has  completed  processing  requests  for  a  frame.  Although  this 
routine  is  of  high  priority  (the  MAC  must  outpit  control  burst  data  every  frame) 
the  requirement  that  the  MAC  reflect  all  of  its  data  base  changes  in  the  control 
burst  results  in  this  routine  being  run  as  one  of  the  final  MAC  processing 
tasks . 

2.  Description  of  Processing  Structure 

Figure  2-3  illustrates  the  sequence  of  the  processing  tasks  that  are 
performed  by  the  MAC  during  every  frame  (at  real-time  event  R2  or  RS2 ;  see 
Fig.  2-2).  Each  box  represents  a  subroutine  that  is  called  by  the  MAC’S  main 
program.  The  labels  next  to  each  box  correspond  to  the  subroutine  names. 

Figure  2-4  indicates,  in  tabular  form,  which  segments  of  the  MAC  provide  the 
pr imary  input(s)  and  output(s)  for  each  of  the  processing  routines.  These 
segments  are  divided  into  four  categories:  the  MAC's  input  buffers,  output 
buffers,  temporary  buffers,  and  data  base.  Note  that  the  "MAC  performance 
data",  accumulated  for  the  purpose  of  MAC  performance  evaluation,  would  not 
be  part  of  an  operational  MAC.  A  detailed  description  of  the  contents  of  the 
input  and  output  buffers  can  be  found  in  Appendix  C,  "System  Management  Data 
Formats.”  Appendix  E,  "Multiple  Access  Controller  Data  Base,"  contains  de¬ 
tail  on  the  five  major  elements  of  the  MAC's  data  base.  The  MAC  has  two 
"temporary"  buffers:  one  holding  newly  arrived  requests  awaitinq  placement 
in  the  request  queue,  and  one  holdinq  control  burst  messages  awaitinq  placement 
in  the  next  control  burst. 

The  remaind  r  of  this  section  presents  a  brief  functional  description  of 
each  of  the  processing  routines.  The  two  most  complex  routines,  the  input  and 
assignment  algorithms  (IALG  and  AALG) ,  are  described  in  greater  (although  not 
ultimate)  detail  in  Sections  II. F  and  II. G,  respectively.  An  understanding  of 
the  functioning  of  the  MAC's  processing  routines  can  be  enhanced  by  reference 
to  Appendices  c  and  E. 

The  first  task  performed  by  the  MAC  each  frame  is  the  deletion  from  its 
data  base  of  all  circuit  assignments  whose  time  estimates  have  expired.  (The 
time  estimates  may  be  supplied  by  end  users  when  requesting  circuits.)  This  is 
accomplished  via  RDUR .  RDUR  searches  the  MAC's  assignment  list  for  expiring 
assignments.  All  records  of  such  assignments  are  removed  from  the  MAC's  data 
base,  returning  the  previously  assigned  slots  to  the  demand  assignment  pool. 
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Fig.  2-3.  MAC  processing  structure. 


No  control  burst  data  arc  generated  by  RDUR,  since  all  subscriber  units  are 
designed  to  independently  terminate  assignments  when  their  specified  durations 
have  passed. 

IALG  is  the  input  handling  algorithm:  It  (1)  uses  the  data  input  from 
the  real  TAC  units  and  the  Call  Simulator  to  simulate  any  contention  that  may 
have  occurred  in  the  use  of  the  random  access  request/report  or  ranginq  sub¬ 
slots  provided  in  the  TDMA  frame,  (2)  does  all  of  the  required  processing  on 
the  status  report  and  ranging  burst  data  that  did  not  contend,  and  (3)  moves 
all  non-contending  requests  into  a  temporary  buffer  to  await  queueing. 

Contention  for  the  use  of  the  ranging  and  request/report  subslots  must  be 
simulated  in  the  MAC,  as  the  latter  is  the  only  link  between  the  real  and 
simulated  TAC  units.  All  ranging,  request,  and  status  report  data  sent  to  the 
MAC  are  tagged  with  an  indication  of  the  subslot  used.  TALC  is  designed  to 
totally  iqnorethe  data  associated  with  any  subslot  accessed  by  two  or  more  TAC 
units. 

The  processing  of  ranqinq  burst  data  involves  altering  the  MAC  data  base 
(specifically  the  TAC  list)  to  place  the  ranging  subscriber  unit  in  an  "on" 
status.  An  initial  range  correction  message  is  placed  in  the  temporary  buffer 
for  the  next  control  burst  to  inform  the  subscriber  unit  of  its  "on"  status  and 
of  its  uplink  timing  correction  to  account  for  satellite  range.  All  satellite 
range  corrections  are  based  on  the  times  of  arrival,  measured  at  the  Master  TAC, 
of  ranging  bursts  or  status  reports  received  in  the  appropriate  subslots  provided 
in  the  TDMA  frame. 

TALG  processing  of  a  status  report  involves  a  number  of  steps.  The  MAC'S 
(TAC  list)  record  of  the  subscriber  unit's  link  quality  is  updated  according  to 
estimates  supplied  in  the  status  report,  and  a  satellite  range  update  message  is 
assembled  for  the  next  control  burst.  Finally,  IALG  is  designed  to  delete  all 
circuit  assignments  from  the  MAC  data  base  that  are  indicated  in  the  status 
report  as  no  longer  being  active.  When  this  is  done,  a  preemption  message  is 
placed  in  the  temporary  buffer  for  the  next  control  burst  to  ensure  that  all 
parties  to  the  terminated  circuit  cease  communication. 

QALG  is  the  software  package  maintaining  the  MAC’S  queue  of  circuit  requests. 
The  position  of  requests  in  the  queue  determines  the  order  in  which  they  will 
be  serviced  by  the  MAC  assignment  algorithm  ( AALG ,  described  below) .  At  any 
point  in  time,  the  requests  in  queue  are  ordered  primarily  by  their  precedence 
(every  request,  and  hence  every  circuit  assignment,  is  tagged  with  one  of  five 
levels  of  precedence  by  the  end  user)  and  secondarily  by  their  frames  of  arrival 
at  the  MAC.  During  conditions  of  heavy  request  rates,  the  limitation  on  each 
frame's  control  burst  capacity  can  cause  requests  to  bo  held  over  in  queue  for 
multiple  frames.  Every  frame,  OALG  recognizes  which  requests  still  remain  in 
queue  and  merges  these  with  the  newly  arrived  requests  that  have  been  placed 
in  a  temporary  buffer  by  IALG. 


ISCO  performs  the  function  of  assembling  the  MAC  request  queue  status  in¬ 
formation  required  by  the  System  Operator's  Console  for  display.  This  infor¬ 
mation  is  formatted  and  placed  in  the  proper  part  of  the  System  Operator's 
Console  output  buffer.  The  request  queue  itself  is  unaffected. 

System  operator  commands  are  now  serviced  by  the  MAC  via  the  command 
algorithm,  CALC,.  All  of  these  commands  affect  the  MAC  data  base.  No  control 
burst  data  are  generated  for  commands  such  as  the  addition  of  a  satellite  chan¬ 
nel  to  the  demand  assignment  pool;  TACS  subscriber  units  do  not  need  to  know  of 
this  event.  Conversely,  the  deletion  of  a  channel  from  the  pool  requires  the 
preemption  of  any  circuits  assigned  in  the  channel  in  question,  and  may,  there¬ 
fore,  generate  preemption  messages  for  inclusion  in  the  next  control  burst. 

The  system  operator  commands  are  described  in  detail  in  Section  IV'. D. 7. 

The  assignment  algorithm  (AALG )  is  the  largest  MAC  software  package.  Every 
frame  AALG  services  pending  requests  in  the  order  it  finds  them  in  queue, 
attempting  to  make  the  required  circuit  assignments.  This  process  continues 
until  either  all  requests  have  been  serviced  or  the  control  burst  capacity  for 
the  frame  has  been  exhausted.  In  attempting  to  service  a  call  the  MAC  uses  its 
data  base  to  analyze  such  items  as  the  capabilities  of  the  transceivers  of  the 
parties  to  the  call  to  access  TDMA  slots  (given  the  type  of  net  involved  and 
each  party’s  communications  configuration  and  current  activity),  the  quality 
of  the  satellite  links  to  be  used,  and  the  availability  of  TDMA  slots  in  the 
demand  assignment  pool.  The  precedence  level  of  all  on-going  communi ca t ions 
is  considered  in  this  process:  The  MAC  has  the  ability  to  preempt  lower 
precedence  assignments  in  order  to  assign  higher  precedence  calls.  AALG  mini¬ 
mizes  preemption  impact,  i.e.,  preemptions  occur  only  when  absolutely  necessary 
to  establish  a  circuit,  the  circuit (s)  being  preempted  always  having  the  lowest 
possible  precedence. 

Requests  are  deleted  from  the  request  queue  as  they  are  serviced  by  AALG. 

If  the  request  is  successfully  assigned  a  circuit,  the  new  assignment  is  added 
to,  and  any  circuits  preempted  are  deleted  from,  the  MAC  data  base.  An  assign¬ 
ment  message  and  any  required  preemption  messages  are  sent  out  in  the  next 
control  burst.  If  an  assignment  could  not  be  made,  a  "call  progress"  message 
(equivalent  to  a  commercial  busy  signal),  giving  the  reason  for  call  blockage', 
is  sent  in  the  next  control  burst.  Circuit  assignments  are  never  made  unless 
all  of  the  information  required  to  inform  the  user  community  of  the  assignment 
(i.e.,  both  assignment  and  preemption  messages)  can  fit  in  the  control  burst. 

This  maintains  agreement  between  the  MAC  data  base  and  actual  TACS  communic.i- 
t  ions  activity,  clearly  a  prerenuisitefor  an  efficient  and  consistent  assign¬ 
ment  algorithm. 

With  the  completion  of  the  assignment  algorithm,  all  MAC  data  base  changes 
have  been  completed  for  the  frame,  and  all  of  the  control  burst  messages  required 
to  reflect  these  changes  are  being  held  in  a  temporary  buffer.  TCRP,  IRC'O,  and 
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STAT,  the  final  three  software  packages  indicated  in  Figs.  2-3  and  2-4,  are 
used  to  indicate  the  MAC'S  new  status  to  the  TAC  units  (real  and  simulated), 
the  System  Operator's  Console,  and  the  MAC  performance  analyst,  respectively. 

1CBP  reformats  the  control  burst  messages  held  in  the  temporary  buffer,  and 
places  them  in  the  control  burst  output  buffer  for  transmission  to  the  Call 
Simulator  and  Master  TAC.  ISCO  sets  up  all  parts  of  the  System  Operator's  Con¬ 
sole  output  buffer  other  than  that  already  set  up  by  ISCQ.  This  includes  a 
list  of  the  current  circuit  assignments,  and  information  on  the  number  of  real 
and  simulated  subscriber  units  that  have  just  accessed  each  ranging  and  request/ 
report  subslot.  STAT  uses  the  MAC'S  assignment  list  and  control  burst  message 
buffer  to  accumulate  the  MAC  performance  data  that  may  be  periodically  dumped 
to  tape  at  real-time  event  R4  (see  description  of  MAC  real-time  structure). 

The  performance  data  include  such  entries  as  counts  of  the  number  of  frames  each 
slot  in  the  demand  assignment  pool  has  been  assigned  to  communications  nets,  and 
the  number  of  control  burst  messages  that  have  been  previously  sent  out,  by  mes¬ 
sage  type.  Such  information  is  of  great  use  in  analyzing  MAC  demand  assignment 
performance. 

F.  Input  Algorithm 

This  section  presents  a  more  detailed  description  of  the  MAC'S  input 
algorithm  (IALG)  than  that  given  previously.  The  description  generally  follows 
the  IALG  flowchart  in  Fig.  2-5.  Familiarity  with  the  formats  of  the  ranging 
burst,  status  report,  and  request  data  sent  to  the  MAC  (described  in  Appendix  C), 
as  well  as  the  formats  of  the  major  elements  of  the  MAC'S  data  base  (described 
in  Appendix  E)  is  assumed. 

As  indicated  in  Fig.  2-5,  the  first  part  of  the  input  algorithm  simulates 
contention  among  the  TAC  units  (both  real  and  simulated)  for  the  use  of  the 
ranging  and  report/request  subslots  provided  in  the  TDMA  frame.  Each  ranging 
burst,  status  report,  and  request  block  in  the  Master  TAC  and  Call  Simulator 
input  buffers  contains  fields  (e.q.,  time  of  arrival)  used  by  IALG  to  calculate 
the  subslot  in  which  transmission  was  attempted.  This  information  is  used  to 
accumulate  counts  of  the  number  of  TACs  that  attempted  transmission  in  each 
subslot.  The  input  locks  that  were  sent  in  subslots  accessed  by  multiple 
subscriber  units  are  not  processed  any  further  by  IALG;  in  a  full-scale  system 
the  MAC  would  not  acquire  the  data  in  such  subslots. 

When  no  successful  transmission  was  made  in  a  subslot  (attempt  count  of 
"0"  or  multiple),  IALG  determines  whether  the  subslot  was  dedicated,  in  the 
TDMA  frame  being  processed,  to  an  individual  subscriber  unit  for  status  report 
transmission.  If  so,  the  subscriber's  TAC  list  entry  counting  sequentially 
missed  reports  is  incremented.  IALG  compares  this  count  to  the  maximum  allow¬ 
able  number  of  such  misses,  and,  if  the  number  has  been  exceeded,  places  the 
subscriber  in  "off"  status  in  the  TAC  list.  Such  action  is  based  upon  the  re¬ 
quirement  that  each  subscriber's  transmit  timing  always  be  within  the  error 
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Fig.  2-5.  Input  algorithm  ( I ALG)  flowchart. 
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allowed  by  the  TACS  data  slot  guard  intervals.  IALG,  using  information  derived 
from  successfully  transmitted  status  reports,  generates  range  update  messages 
that  are  placed  in  the  control  burst,  allowing  subscriber  units  to  correct  their 
transmit  timing.  If  too  many  consecutive  status  reports  have  been  missed,  the 
error  in  a  subscriber's  transmit  timing  has  potentially  become  great  enough  for 
it  to  interfere  with  other  subscribers'  transmission  in  adjacent  slots.  The 
subscriber  unit  recognizes  that  it  must  revert  to  "off"  status  (ceasing  all  on¬ 
going  transmissions)  when  too  long  a  period  of  time  has  gone  by  since  its  last 
range  update.  It  must  successfully  transmit  a  ranging  burst  to  the  MAC  in 
order  to  re-establish  transmit  timing  and  regain  "on"  status. 

Input  blocks  transmitted  in  subslots  with  attempt  counts  of  "1"  did  not 
contend  with  transmissions  from  other  subscribers,  and  are  processed  by  IALG 
according  to  their  block  type. 

The  first  three  steps  of  ranging  burst  processing  shown  in  Fig.  2-5  should 
be  obvious  from  the  preceding  paragraph's  discussion.  The  "number  of  previous 
ranging  attempts,"  included  with  the  ranging  burst  block,  indicates  the  number 
of  times  the  subscriber  had  to  re-transmit  the  ranging  burst  due  to  shared  rang¬ 
ing  subslots,  and  can  be  used  by  IALG  to  determine  whether  the  subslots  should 
be  used  in  a  shared  or  dedicated  mode.  (Note  that,  in  a  full-scale  system, 
the  MAC  would  not  have  the  direct  knowledge  of  subslot  loading  provided  by 
the  contention  simulation.  It  must,  therefore,  determine  the  level  of  conten¬ 
tion  from  the  number  of  previous  attempts.) 

To  process  a  status  report  block,  IALG  must  first  calculate  the  TAC  ad¬ 
dress  of  the  subscriber  that  had  issued  the  report,  the  address  being  implicit 
in  the  subslot  used  for  transmission.  Information  on  the  subscriber's  link 
quality  (uplink  and  downlink  s ignal-to-noise  ratio,  and  percent  RFI )  included 
in  the  report  is  used  to  update  the  appropriate  TAC  list  block.  Four  status 
report  bits  ("I/O  port  activity"  bits)  inform  the  MAC  of  the  current  state  of 
each  of  the  subscriber's  I/O  ports.  This  information  is  used  by  IALG  to  delete 
circuit  assignments  that  are  no  longer  active  from  all  parts  of  the  MAC'S  data 
base . 

IALG  does  little  processing  on  request  blocks.  (The  bulk  of  the  request 
processing  is  done  by  the  assignment  algorithm.)  The  "number  of  previous  re¬ 
quest  attempts"  can  be  used  to  tailor  the  report/request  subslot  configuration 
to  the  current  loading  of  these  subslots.  This  could  include  the  opening  of 
secondary  or  tertiary  sets  of  report/request  subslots.  IALG  then  reformats  the 
request  block,  appending  the  frame  of  the  request's  arrival,  and  puts  it  in  a 
temporary  buffer  to  await  placement  in  the  request  queue. 

The  Call  Simulator  provides  the  MAC  with  requests  and  status  reports  from 
simulated  "remote"  subscribers  and  from  a  simulated  central  control  site.  The 
latter  would  consist  of  nine  subscriber  units  (and  associated  transceivers; 
one  for  each  FLKETSAT  channel)  that  would  be  hard-wired  to  the  MAC.  IALG  simu- 
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lates  this  direct  link  by  recognizing  requests  and  reports  from  the  central 
site  and  bypassing  the  subslot  contention  simulation  for  such  input  blocks. 

As  the  TACs  at  the  central  site  would  provide  the  TDMA  time  base  for  the  system, 

I ALG  does  not  issue  them  any  satellite  range  corrections.  All  ranging  features 
are  also  suppressed  for  the  Master  TAC,  as  it  provides  the  TDMA  time  base  for 
the  two  real  TACs  in  the  current  testing  configuration. 

G.  Assignment  Algorithm 

This  section  contains  a  more  detailed  description  of  the  MAC'S  assignment 
algorithm  ( AALG )  than  given  previously.  The  description  is  presented  in  three 
sections:  (1)  Assignment  Algorithm  Overview;  (2)  Assignment/Blockage  Decision 

Process:  All-Member  Nets;  and  (3)  Assignment/Blockage  Decision  Process:  Point- 

to-Point  Nets.  Familiarity  with  the  contents  of  Appendix  C,  "System  Management 
Data  Formats,"  and  Appendix  E,  "Multiple  Access  Controller  Data  Base,"  is 
assumed . 

1.  Assignment  Algorithm  Overview 

Figure  2-6  is  a  flowchart  of  the  assignment  algorithm,  stressing  AALG's 
management  of  its  request  queue  input  and  control  burst  message  output.  Every 
frame  AALG  works  its  way  through  the  queue  of  pending  requests,  attempting  to 
assign  the  requests  satellite  capacity.  As  shown  by  the  first  part  of  the  AALG 
flowchart,  this  process  continues  until  all  requests  have  been  serviced,  the 
control  burst  capacity  for  the  frame  has  been  exhausted,  or  processing  time  has 
exp ired . 

Once  AALG  has  determined  the  availability  of  the  time  and  control  burst 
capacity  required  to  process  the  next  request  in  queue,  the  "assignment/blockage 
decision  process"  is  entered.  Although  shown  as  a  single  functional  block  in 
Fig.  2-6,  this  process  is  the  most  complex  part  of  AALG.  It  contains  two  distinct 
branches:  one  for  requests  from  all-member  nets  and  one  for  requests  from  point- 

to-point  nets.  The  two  sections  to  follow  present  the  detailed  structure  of 
these  branches. 

The  assignment/blockage  decision  process  draws  upon  all  elements  of  the  MAC 
data  base.  Its  principal  output  is  a  binary  decision:  Assignment  of  system 
capacity  to  the  request  is  presently  possible  or  impossible.  The  decision  is 
based  upon  the  current  status  of  all  TACS  elements  (transceivers,  I/O  ports, 
satellite  links,  TDMA  slots,  etc.)  along  with  the  parameters  of  the  request. 

When  circuit  assignment  is  deemed  impossible,  an  indication  is  given  as  to 
the  reason  for  request  blockage.  The  source  of  blockage  is  coded  in  a  call 
progress  message.  As  indicated  in  Fig.  2-6,  a  determination  must  next  be  made 
as  to  whether  there  is  adequate  control  burst  capacity  for  the  call  progress 
message.  This  test  is  required  due  to  the  message  pooling  arrangement  used  in 
the  "elastic"  area  of  the  control  burst,  which  contains  limits  on  both  the  total 
amount  of  pooled  control  burst  capacity  (bytes)  available  per  frame  and  the  num- 
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her  of  each  kind  of  control  burst  message  that  may  be  sent  per  frame.  The  test 
at  the  beginning  of  AALC.  determines  whether  any  control  burst  capacity  remains; 
the  capacity  required  to  handle  the  (call  progress,  assignment,  or  preemption) 
messages  reflecting  the  results  of  the  assignment/blockage  decision  process  for 
a  particular  request  is  not  guaranteed. 

If  the  call  progress  message  can  be  placed  in  the  control  burst,  the  re¬ 
quest  is  considered  to  have  received  final  action  and  is  deleted  from  queue. 

The  source  of  request  blockage  coded  in  the  message  is  ultimately  displayed  on 
the  calling  party's  TIC.  If  no  control  burst  capacity  is  available,  the  request 
is  left  in  queue  and  will  be  serviced  anew  by  AALG  in  a  subsequent  frame. 

For  a  "successful"  request  the  assignment/blockagc  decision  process  gener¬ 
ates  the  assignment  parameters  (channel,  slot,  burst  rate,  code  rate,  etc.) 
used  to  create  an  assignment  message.  Indication  is  also  given  of  anv  circuits 
that  must  be  preempted  in  order  to  establish  the  assignment.  AALG  must  first 
determine  if  there  is  adequate  control  burst  capacity  for  each  required  pre¬ 
emption  message.  If  the  capacity  exists,  the  message  is  placed  in  the  control 
burst  and  the  circuit  being  preempted  is  deleted  from  the  MAC'S  data  base. 

When  there  is  insufficient  capacity  for  a  required  preemption  message,  or  for 
the  assignment  message  itself,  the  request  being  serviced  is  left  in  queue  to 
be  processed  by  AALG  in  a  following  frame.  An  assignment  will  only  be  made  if 
all  required  preemption  messages  and  the  assignment  message  fit  in  the  control 
burst.  In  such  a  case  the  assignment  is  reflected  in  the  MAC'S  data  base  (as¬ 
signment  list,  satellite  capacity  maps,  net  list,  TAC  list)  and  the  reoucst  is 
deleted  from  queue,  havinq  received  final  action. 

Before  presenting  the  details  of  the  assignment/blockago  decision  process, 
a  description  will  be  given  of  the  sources  of  both  preemptions  and  call  block- 
aqe  (call  progress  messaqes)  in  the  assignment  algorithm. 

Although  all  preemption  messages  are  expressed  in  the  same  manner  (by  the 
channel  and  first  slot  occupied  by  the  circuit  being  preempted),  preemptions 
occur  for  three  general  reasons.  "Circuit"  preemptions  arise  from  lack  of  the 
satellite  capacity  (idle  TDMA  slots  in  one  of  the  channels  being  managed  by  TACS) 
required  for  circuit  assignment.  A  lower  precedence  assignment  may  be  preempted 
to  free  up  the  required  capacity.  "I/O  port"  preemptions  are  only  generated 
in  servicing  requests  from  point-to-point  nets.  It  is  possible,  in  such  cases, 
that  the  called  party's  1/0  port  is  already  engaged  in  communications  activity 
with  a  third  net  member.  This  ongoing  circuit  may  bo  preempted  if  its  prece¬ 
dence  is  lower  than  that  of  the  new  request.  "Transceiver"  preemptions  occur 
when  one  of  the  parties  to  a  call  is  transceiver-limited;  that  is,  when  that 
party  must  terminate  an  ongoing  assignment  in  order  to  free  up  the  transceiver 
capacity  required  for  the  new  (higher  precedence)  assignment.  All-member  net 
circuits  are  never  transceiver  preempted,  as  all  or  part  of  each  net  member's 
transceiver  capacity  is  permanently  dedicated  to  the  net. 
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Figure  2-7  lists  the  nine  call  progress  messages  that  have  been  established, 
along  with  an  indication  of  whether  they  correspond  to  blockage  encountered  by 
requests  from  all-member  or  point-to-point  nets.  A  "satellite  busy"  message 
results  from  a  failure  to  find,  in  any  channel  and  even  allowing  preemptions, 
the  TDMA  slots  required  to  assign  a  circuit  to  an  all-member  net.  "Terminal 
busy"  indicates  the  same  blockage  for  point-to-point  nets,  as  well  as  any  I/O 
port  and/or  transceiver  blockage.  (Note  that  the  software  structure  of  the 
point-to-point  net  request  branch  of  AALG  cannot  distinguish  between  satellite 
and  transceiver  blockage-.)  "Terminal  off"  and  "terminal  convert"  indicate  that 
the  called  party's  TAC  is  in  "off"  or  "receive-only "  status,  respectively.  An 
"insufficient  link"  message  is  issued  whenever  the  worst  satellite  link  of  the 
parties  to  the  request  is  bad  enough  that  the  TACS  baseband  error  rate  specifi¬ 
cation  cannot  be  met,  even  at  the  lowest  available  burst  and  code  rates.  This 
message  may  also  be  issued  when  a  TAC's  link  is  not  adequate  to  joint  an  ongoing 
assignment  (via  a  conference  or  late  entry  reauest) .  An  "inval'd  request"  mes¬ 
sage  is  generated  when  there  is  an  inconsistency  in  a  request  as  received  by 
the  MAC.  For  example,  a  call  to  a  TAC  not  in  the  calling  TAC’s  (point-to-point) 
net  would  receive  such  a  message.  A  "net  active”  message  is  issued  when  a  party 
to  an  ongoing  all-member  net  circuit  makes  an  unsuccessful  "override"  request. 

For  example,  a  particular  net  member  may  be  one  of  the  receivers  of  an  ongoing 
all-member  broadcast  call.  In  order  to  transmit  a  message,  this  end  user  must 
generate  a  request  that,  if  successful,  will  preempt  the  "irrent  assignment 
and  establish  a  new  (broadcast  or  two-way)  circuit.  If  the  override  request's 
precedence  is  not  high  enough,  a  "net  active"  message  will  be  issued  to  the 
end  user.  "Net  inactive"  messages  are  issued  in  response  to  late  entry  requests 
from  members  of  inactive  nets  or  in  response  to  conference  call  requests  that 
had  been  generated  by  parties  to  assignments  that  are  no  longer  active.  "In 
queue"  messages  are  the  only  call  progress  messages  that  do  not  represent  final 
action  on  a  request.  They  are  issued  in  certain  cases  whore  an  assignment  mes- 


]7o5488-n| 


CALL  PROGRESS  MESSAGE 

NET 

ALL-MEMBER 

TYPE 

POINT- 

0 

5 

0 

2 

SATELLITE  BUSY 

X 

TERMINAL  BUSY 

X 

TERMINAL  OFF 

X 

TERMINAL  COVERT 

X 

INSUFFICIENT  LINK 

X 

X 

INVALID  REQUEST 

X 

X 

NET  ACTIVE 

X 

NET  INACTIVE 

X 

X 

IN  QUEUE 

X 

X 

29 


Flq.  2-8.  Flowchart  for  assiqnmcnt/blockaqe  decision  process 
all-member  net  request. 


for 


30 


sage  anti  any  accompanying  preemption  messages  could  not  all  fit  in  the  current 
control  burst.  In  queue  messages  inform  the  calling  TAC  of  the  MAC'S  reception 
of  its  request,  preventing  unnecessary  cluttering  of  the  shared  reauest/repor t 
subslots  with  retransmissions  of  the  request. 

2.  Assignment/Blockage  Decision  Process:  All-Member  Nets 

Figure  2-8  is  a  flowchart  of  AALC, ’ s  assignmcnt/blockago  decision  process 
for  requests  from  all-member  nets.  The  terminators  (ovals)  on  the  left  and 
right  sides  of  the  flowchart  indicate  the  possible  outcomes  of  the  process: 
request  blockage  (indicated  by  call  progress  messages)  or  a  decision  to  assign 
a  circuit  (along  with  any  preemptions  that  may  be  required). 

Three  outcomes  are  possible  for  requests  for  late  entry  into  a  net.  If 
the  net  is  currently  idle,  the  response  is  simply  a  net  inactive  message.  If 
the  not  is  currently  assigned  a  circuit,  the  satellite  link  quality  of  the 
not  member  attempting  a  late  entry  must  be  examined.  Tf  the  link  quality  is 
such  that  it  can  meet  the  TACS  baseband  error  rate  specification  (r|bit  error) 

_  10  ^  for  record  traffic  and  -  IP  for  voice  traffic)  while  working  at  the 
net's  current  burst  and  code  rates,  the  late-entering  TAC  is  issued  an  assign¬ 
ment  message.  As  the  circuit  has  been  assigned  previously,  no  preempt  ions  art' 
necessary.  If  the  net  member's  link  quality  is  not  adequate  to  join  the  cir¬ 
cuit,  an  insufficient  link  message  is  generated. 

The  MAC  interprets  a  request  for  a  new  circuit  received  from  a  member  of 
an  active  net  as  an  override  request.  Two  conditions  must  be  met  before  AALC, 
will  further  service  an  override  request.  First,  the  net  must  be  currently 
operating  a  broadcast  circuit,  with  the  override  requesting  net  member  being 
one  of  the  receiving  parties.  (Overrides  are  used  by  net  members  to  gain  the 
ability  to  transmit.)  Second,  as  successful  overrides  preempt  the  net's  ongoing 
circuit,  the  override  request's  precedence  must  be  greater  than  the  ongoing 
circuit's  precedence.  If  either  of  these  conditions  is  not  met,  a  not  active 
message  is  generated. 

Before  embarking  on  the  search  for  satellite  capacity  with  which  to  satisfy 
circuit  requests  from  inactive  nets  (or  override  requests)  a  link  calculation 
is  performed.  This  involves  determining  the  composite  worst  link  (in  terms  of 
signal-to-noisc  ratio  and  RFI)  of  all  of  the  net  members,  and  using  the  link 
data  for  a  table  lookup  to  determine  the  burst  and  code  rates  that  the  net  must 
employ  to  meet  the  system's  baseband  error  rate  specification.  These  burst  and 
code  rates,  together  with  net's  baseband  data  rate,  determine  the  number,  S,  of 
contiguous  slots  required  for  the  circuit.  Tf  the  table  lookup  indicates  that 
none  of  the  available  burst  and  code  rates  will  provide  adequate  error  protection, 
or  if  S  is  greater  than  the  number  of  slots  in  the  net's  reserved  slot  set,  an 
insufficient  link  messaqe  is  generated. 

The  remainder  of  Fiq.  2-8  flowcharts  the  search  for  satellite  capacity, 
emphasizing  AAI.O's  preemption  im[>act  minimizing  feature.  The  satellite  capacity 
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search  results  in  either  a  satellite  busy  messaqe  or  a  decision  for  circuit 
assignment  (with  possible  preemptions).  Note  again  that  an  assignment  will 
only  be  made  if  the  control  burst  has  sufficient  capacity  remaining  for  an  as¬ 
signment  message  and  any  required  preemption  messages. 

The  algorithm  for  locating  satellite  capacity  makes  use  of  the  satellite 
capacity  maps  (Fig.  F-5)  .  The  search  initially  uses  the  precedence  r>  (lowest 
precedence)  map.  If  no  available  slots  are  found  using  this  map,  and  if  the 
request  precedence  allows  (if  it  is  •  4)  a  new  search  is  made  using  the  prece¬ 
dence  4  map,  thereby  ignoring  (virtually  preempting)  all  assignments  of  prece¬ 
dence  5.  This  process  continues  until  either  the  capacity  to  establish  a  new 
circuit  is  found,  or  the  precedence  level  of  the  last  map  searched  ( t  tit'  circuit 
preemption  threshold,  R,  in  Fig.  2-R)  reaches  the  request  precedence. 

The  search  for  satellite  capacity  is  always  confined  to  the  set  of  slots 
reserved  for  the  all-member  net  (at  the  members1  transceivers) .  All  sets 
of  S  contiguous  slots  within  the  reserved  slot  set  are  investigated  for  a  va¬ 
cancy  in  each  of  the  nine  satellite  channels  before  the  search  over  a  given 
satellite  capacity  map'  is  completed.  The  leftmost  set  of  S  contiguous  slots  is 
inspected  for  availability  in  each  of  the  channels  in  order,  followed  by  the 
next  set  of  S  slots  to  the  right,  etc.  The  search  involves  the  generation  of  a 
"slot  map”  for  each  S-slot  set.  The  slot  map  is  similar  in  structure  to  the 
words  (representing  channels)  of  the  satellite  capacity  map,  since  it  is  used 
to  mask  these  words  in  the  search  for  available  slots. 

"Leftmost"  slots  refers  to  the  slots  earliest  in  the  TDMA  frame.  It  is 
generally  desirable  to  assign  these  slots  preferentially  as  they  are  the  slots 
which,  due  to  TACS  control  and  report/requost  subslot  accessing  requirements, 
arc  accessible  to  the  fewest  subscriber  units.  This  saves  the  satellite  capa¬ 
city  later  in  the  frame  for  users  with  limited  transceiver  resources. 

An  example  of  the  all-member  net  assignment  algorithm  processing  is  built, 
around  Fig.  2-R.  The  net  member's  transceiver  capacity  is  reserved  for  this 
particular  net  during  time  slots  three  through  five.  This  is  shown  in  part 
(a)  of  the  figure.  I, ink  quality  for  the  worst-case  net  member  is  such  that 
S  =  2  slots  are  needed  to  guarantee  reliable  data  reception  by  that  terminal. 

The  map  of  the  first  ( i leftmost")  slot  pair  to  be  searched  within  the  re¬ 
served  slot  set  is  portrayed  in  part  (b)  of  the  figure.  Searching  progresses 
via  masking  the  precedence  S  satellite  capacity  maps  (shown  in  part  (c)  of  the 
figure),  one  channel  at  a  time  from  the  top  with  the  search  map  and  looking 
for  a  match  in  positions  throe  and  four.  In  this  example,  no  match  is  found 
luring  the  first  search  attempt,  so  the  search  map  is  shifted  one  position  to 
the  right  and  slots  four  and  five  checked  for  availability.  This  t ime,  a  match 
is  found  in  channel  three.  Since  this  is  a  first-fit  algorittim,  the  searching 
process  stops,  and  the  net  is  assigned  slots  4  and  r>  of  channel  3.  Note  that 
since  we  are  in  the  precedence  5  satellite  capacity  map,  these  slots  were  total¬ 
ly  idle;  thus  no  preemption  is  required. 
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(a)  NET  S  RESERVED  SLOT  SET  MAP 
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Fig.  2-9.  Example  of  a  1 1 -member  net 
assignment  algorithm. 


3.  Assignment/Blockaqo  Decision  Process:  Point-to-Point  Nets 

The  branch  of  the  MAC'S  assignment  algorithm  handling  requests  from  point- 
to-point  nets  is  generally  similar  to  the  all-member  net  branch  since  it  ad¬ 
dresses  many  of  the  same  issues  (i.c.f  circuit  availability  and  link  quality). 
The  main  difference  is  that  the  point-to-point  algoritlim  includes  the  addition¬ 
al  task  of  investigating  the  availability  of  terminal  resources  (i.e.,  I/O  port 
and  transceiver)  for  all  parties  to  a  request.  Tn  the  event  that  some  e.xi  st¬ 
ing  "local"  traffic  at  one  or  more  of  the  terminals  blocks  the  request,  that 
existing  traffic  may  be  preempted  if  it  is  of  lessor  importance. 

Design  of  the  point-to-point  assignment  algorithm  was  strongly  driven  by 
the  desire  that  the  impact  of  preemptions  should  be  minimized.  As  a  result,  the 
algorithm  is  a  highly  iterative,  tentative  process.  The  sole  preemption  impact 
minimization  criterion  used  is  the  precedence  of  old  circuits  being  preempted 


in  order  to  establish  the  new  circuit.  The  number  of  circuits  to  be  preempted, 
for  example,  is  immaterial;  three  precedence  4  circuits  will  be  preempted  even 
if  preemption  of  a  single  precedence  3  circuit  would  accomplish  the  same  effect. 

The  mechanism  used  to  minimize  preemption  impact  is  the  establishment  of 
"preemption  thresholds."  Basically,  a  threshold  is  set  to  one  of  the  five  TACS 
call  precedence  levels,  and  all  ongoing  traffic  of  importance  less  than  the 
current  threshold  setting  is  considered  to  have  been  deleted  from  the  system, 
or  "virtually”  preempted.  A  separate,  independent  preemption  threshold  is 
maintained  for  each  potential  blockage  location:  the  transceivers  of  the 
parties  to  the  request  and  also  the  satellite.  The  thresholds  are  initialized 
to  precedence  level  5  (i.e.,  "lowest"  precedence)  for  the  first  pass  through 
the  algorithm  for  a  given  request.  Thus  the  MAC  initially  attempts  to  service 
that  request  without  preemption.  If  at  any  stage  a  blockage  is  encountered, 
then  the  threshold  for  that  location  is  relaxed,  one  precedence  level  at  a  time, 
until  the  blockage  is  relieved  by  virtual  preemption  or  the  threshold  reaches 
the  request's  precedence.  In  the  latter  case,  the  blockage  is  unresolvablc 
and  the  request  is  dismissed  with  a  blockage  (call  progress)  message.  At  times 
(e.g.,  in  the  case  where  the  request's  parties  can  work  some  common  slot,  but 
that  slot  is  already  occupied  for  all  satellite  channels)  a  decision  must  be 
made  as  to  where  to  virtually  preempt  additional  traffic  in  order  to  relieve 
a  blockage:  at  the  calling  terminal,  at  the  called  terminal,  or  at  the  satel¬ 
lite.  If  any  one  of  the  preemption  thresholds  is  set  at  a  lower  precedence 
level  than  all  others,  then  it  in  effect  directs  this  decision.  Conversely, 
if  two  or  more  of  the  thresholds  are  "tied"  at  i  he  lowest  value,  then  the 
choice  is  made  according  to  the  following  heirarchy:  calling  terminal,  called 
terminal,  satellite. 

Note  that  all  of  the  preemptions  mentioned  above  arc  "virtual"  in  that  no 
choice  of  particular  circuits  to  be  definitely  preempted  has  been  made.  Each 
time  a  preemption  threshold  is  relaxed,  all  traffic  of  the  next  higher  prece¬ 
dence  at  the  location  is  considered  to  have  left  the  system.  This  is  accom¬ 
plished  for  a  given  terminal  by  simply  ignoring  all  ongoing  local  calls  of 
precedence  below  its  threshold  when  determining  which  TDMA  slots  are  available 
in  the  terminal  in  light  of  its  ongoing  traffic.  In  the  case  of  satellite  ca¬ 
pacity,  the  MAC  maintains  two  sets  of  satellite  capacity  maps  indicating  occu¬ 
pancy  of  each  TDMA  slot  for  each  frequency  channel.  One  set  indicates  the  true 
occupancy  and  the  other  set  is  used  as  a  scratchpad  copy,  with  which  to  eval¬ 
uate  the  effects  of  virtual  preemptions.  Each  of  the  map  sets  consists  of  five 
complete  maps,  structured  as  shown  in  Fig.  E-5.  The  first  map  of  a  set  reflects 
only  precedence  1  traffic,  the  second  map  indicates  traffic  of  precedences  1 
and  2,  and  so  forth.  To  investigate  the  effect  of  preempting  all  satellite 
traffic  of  an  incrementally  higher  precedence,  the  MAO  need  only  direct  its 
attention  to  the  next  map. 

As  the  point-to-point  branch  of  the  assignment  algorithm  processes  a  given 
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request,  it  chocks  for  the  availability  of  resources  in  the  followinq  general 
order:  I/O  port,  transceiver,  and  satellite.  At  times,  however,  transceiver 

availability  is  reconsidered  after  a  first-attempt  search  for  satellite  re¬ 
sources.  I/O  port  availability  is  confirmed  first  (and  for  all  parties  to  the 
request)  since  it  is  the  simplest  determination.  It  is  a  one-time  binary  test; 
either  the  I/O  port  is  occupied  with  higher  precedence  traffic,  or  it  is  not. 

If  an  old  call  must  terminate  in  order  to  free  an  I/O  port  for  the  new  one,  then 
both  the  old  call's  transceiver  and  satellite  resources  are  considered  to  have 
been  freed  also.  In  that  sense,  the  virtual  I/O  port  preemption  feeds  forward 
and  (positively)  affects  the  subsequent  searches  for  transceiver  and  satellite 
resources.  Next,  transceiver  availability  is  determined  for  each  party  to  the 
request,  individually.  All  local  terminal  blockages  must  be  resolved  before 
a  search  for  satellite  capacity  can  commence.  This  process  of  determining  which, 
if  any,  of  the  frame's  TDMA  slots  are  accessible  to  a  particular  terminal  based 
on  traffic  it  is  already  handling  is  exceedingly  complex.  Description  of  the 
method  finally  implemented  is  relegated  to  Appendix  0,  which  also  includes  an 
example  for  the  sake  of  clarity.  Upon  confirming  that  the  transceiver  for  each 
party  to  the  request  has  at  least  enough  adjacent  slots  available  to  support 
the  call  (possibly  as  a  result  of  local  preempt  ions )  the  MAC  must  then  check 
for  existence  of  some  adequate  common  sot  of  slots  accessible  to  all  of  the 
call's  parties.  If  there  is  inadequate  commonality,  then  the  preempt  ion  thres¬ 
holds  are  used  to  direct  the  process  of  reconsidering  the  transceiver  availa¬ 
bility  of  one  of  the  parties  if  traffic  of  one  level  higher  precedence  were  to 
bo  preempted.  Note  that,  as  in  the  case  of  virtual  I/O  port  preemptions,  any 
virtual  transceiver  preemptions  feed  forward  and  are  considered  to  have  freed 
the  satellite  circuits.  Once  a  common  slot  set  adt quate  to  support  the  new 
call  and  requiring  minimum  local  preemptions  is  determined,  the  MAC  searches 
for  a  frequency  channel  in  which  those  slots  are  available.  Again,  if  that 
search  is  unsuccessful,  the  preemption  thresholds  direct  a  repeat  search  for 
capacity,  but  under  the  condition  that  a  bit  more  existing  traffic  may  need  to 
be  preempted.  The  end  result  of  this  process  (for  a  successful  request)  is 
that  the  algorithm  has  identified  the  particular  set  of  TDMA  slots  in  a  parti¬ 
cular  frequency  channel  which  if  assigned  for  the  new  call,  will  result  in  pre¬ 
emption  of  calls  at  the  lowest  possible  precedence  levels  throughout  the  system 
(i.e.,  from  the  satellite,  from  the  called  terminal,  and  from  the  calling 
terminal ) . 

Having  picked  the  optimal  slot  set  and  channel  for  the  new  call,  the  MAC 
can  then  determine  which  particular  old  call (s)  will  actually  ho  preempted. 

There  is  no  latitude  in  choosing  which  calls  to  preempt  in  order  to  free  1/0 
port  or  satellite  resources,  so  these  decisions  are  simple  and  quick.  On  the 
other  hand,  transceiver  resources  may  be  freed  by  any  one  of  a  number  of  dif¬ 
ferent  combinations  of  preemptions.  Once  again  a  rather  complex  algorithm  is 
used  in  making  the  preemption  decisions  and  they  are  made  separately  for  each 
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party.  Basically,  the  MAC  starts  by  "reloading"  the  given  terminal  with  the 
traffic  known  to  fit  without  contention  for  transceiver  resources.  This  in¬ 
cludes  the  new  call  and  all  old  calls  of  higher  precedence  than  the  final 
value  of  that  terminal's  preemption  threshold.  Then,  one  by  one  and  in  order 
of  decreasing  importance,  the  MAC  allows  old  calls  of  precendence  less  than 
the  preemption  threshold  to  "reoccupy"  the  transceiver.  After  bringing  each 
call  back,  the  MAC  tests  for  contention  for  transceiver  resources;  any  conten¬ 
tion  discovered  results  in  the  preemption  of  the  old  call  which  caused  it  -  the 
last  call  brought  in. 

The  discussion  to  follow  is  more  detailed  than  that  which  preceded,  and 
follows  very  closely  Fig.  2-10,  the  flowchart  of  the  point-to-point  net  branch 
of  the  MAC'S  assignment/blockage  decision  process.  This  flowchart  is  structured 
like  its  analog  for  the  all-member  net  branch,  with  final  outcomes  for  a  request 
depicted  in  the  oval  terminators  towards  the  margins. 

Consideration  of  a  point-to-point  net  request  begins  with  three  simple 
tests  on  called  party  status.  Clearly  calls  cannot  be  successfully  placed 
to  parties  whose  terminals  are  in  "off"  status.  Calls  requiring  transmissions 
by  a  terminal  in  " receive-on ly "  or  "emissions  controlled"  mode  are  similarly 
not  honored.  Though  not  indicated  on  the  flowchart,  a  broadcast  call  to  a 
receive-only  terminal  is  allowed.  An  I/O  port  is  considered  "available"  if  it 
is  either  (1)  idle,  or  (2)  busy  with  traffic  of  precedence  lower  than  that  of 
the  request.  In  the  latter  case,  the  old  call  must  be  preempted,  freeing  not 
only  the  I/O  port,  but  in  addition  both  local  transceiver  and  satellite  re¬ 
sources.  The  effect  of  this  renuired  local  preemption  on  satellite  resources 
is  accounted  for  by  expunging  the  old  call  from  the  scratchpad  copy  of  the 
satellite  capacity  maps. 

If  the  request  is  to  add  another  party  to  an  ongoing  assignment  (conference 
call  request),  the  MAC  must  first  confirm  that  the  original  call  is  still  on 
the  air.  Through  an  unwise  action  on  the  part  of  the  calling  party,  the  origi¬ 
nal  request  could  have  specified  a  time  requirement.  As  soon  as  that  time  ex¬ 
pired,  the  circuit  would  be  automatically  relinquished,  independent  of  whether 
the  calling  party  had  succeeded  in  bringing  all  desired  parties  into  the  con¬ 
ference  call  and  accomplishing  his  communications  needs.  In  order  to  join  an 
ongoing  call,  a  new  party  must  have  a  link  at  least  as  qood  as  the  cp->os i to 
worst  case  link  among  the  original  parties  to  the  call.  The  original  assurn- 
ment  parameters,  including  burst  and  code  rates,  and  the  location  of  t  lie  cir¬ 
cuit  (TDMA  slot(s)  and  frequency  channel)  arc  not  changed  in  order  to  accom¬ 
modate  a  new,  link-disadvantaged  party.  Finally,  the  new  party's  transceiver 
must  be  available,  possibly  through  preemption  of  ongoing  calls,  in  order  for 
that  party  to  join  the  conference  call.  Since  the  original  assigned  location, 
in  terms  of  frequency  and  time  slot(s),  cannot  change,  the  determination  of 
transceiver  availability  does  not  require  iteration  in  order  to  minimize 
preemption  impact  on  local  calls.  The  preemption  threshold  is  set  equal  to 
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request  precedence  on  the  first  (and  single)  pass  through  the  transceiver 
availability  subroutine. 

If  the  request  is  for  the  establishment  of  a  new  circuit  (i.c.,  is  not 
a  conference  call  request),  then  the  MAC  must  first  establish  that  the  calling 
party's  I/O  port  is  still  available.  It  may  be  assumed  that  the  port  was  idle 
when  the  request  was  made,  but  it  could  have  been  occupied  by  an  incoming  call 
before  MAC  consideration  of  the  request.  Again,  if  an  I/O  port  preemption  is 
necessary,  its  effect  on  satellite  resources  is  fed  forward  through  a  virtual 
preemption  in  the  scratchpad  satellite  capacity  maps.  While  investigating 
availability  of  I/O  ports  for  all  parties  to  the  request,  the  MAC  also  inspects 
link  quality,  accumulating  a  record  of  the  composi te  worst  case  values  of  S/N 
and  RFI.  In  light  of  present  values  of  these  link  parameters,  the  MAC  attempts 
to  choose  the  maximum  burst  and  code  rates  such  that  the  end  user  data  will 
suffer  bit  error  probabilty  no  worse  than  10  ^  (10  5  for  record  traffic).  It 
is  possible  that  even  the  lowest  available  rates  cannot  guarantee  the  required 
error  performance,  in  which  case  the  circuit  request  is  denied.  If  the  chosen 
burst  and  code  rates  are  other  than  32000  sps  and  3/4,  respectively,  then  the 
circuit  requires  a  time  interval  consisting  of  more  than  one  basic  data  slot 
(i.e.,  S  slots  on  the  flowchart). 

Before  commencing  its  search  for  transceiver  resources  for  all  parties  to 
the  request,  the  MAC  initializes  the  preemption  thresholds,  with  flowchart  de¬ 
signations  of  P  corresponding  to  calling  party  and  Q  corresponding  to  called 
party,  such  that  first  pass  searches  require  no  preemption.  The  two  loops  on 
the  top  of  the  second  part  of  Fig.  2-10  depict  the  MAC'S  method  of  independently 
finding  sets  of  at  least  S  available  (and  contiguous)  time  slots  for  each  party 
to  the  request,  which  slots,  if  assigned,  will  result  in  minimal  local  call 
preemptions.  The  method  for  computing  which  TDMA  slots  a  terminal  may  access 
in  light  of  existing  traffic  is  detailed  in  Appendix  G.  It  is  in  this  section 
of  software  that  the  virtual  I/O  port  preemption  effects  of  feeding  forward  and 
freeing  transceiver  capacity  are  taken  into  account.  Each  time  a  terminal's 
preemption  threshold  is  relaxed,  the  MAC  generates  a  new  map  of  available  TDMA 
slots,  corresponding  to  all  traffic  of  one  higher  precedance  level  being  dropped 
from  that  terminal.  In  some  cases  preempting  all  traffic  of  lower  precedence 
than  the  request  would  still  result  in  inadequate  available  transceiver  capa¬ 
city,  so  the  request  is  blocked. 

In  order  to  participate  in  a  call,  all  parties'  terminals  must  be  able  to 
access  the  assigned  time  interval  -  requiring  availability  of  at  least  S 
adjacent  slots  common  to  all  terminals.  The  available  slot  maps  previously 
generated,  each  one  known  to  include  a  block  of  S  available  slots  somewhere 
in  the  frame,  are  combined  (by  a  logical  "AND"  process)  and  the  result  is  tested 
for  the  required  block  of  S  common  slots.  In  the  event  of  failure  to  find 
a  large  enough  time  interval,  the  MAC  attempts  to  rectify  the  situation  by 
casting  more  ongoing  traffic  from  one  of  the  terminals.  The  terminal  chosen 
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to  suffer  additional  impact  is  the  one  whose  preemption  threshold  indicates 
that,  thus  far  in  the  assignment  algorithm's  process  of  progressive  virtual 
preemptions,  it  has  been  subjected  to  less  severe  preemption.  If  the  thres¬ 
holds  are  equal,  the  calling  party's  terminal  is  picked.  Should  the  preemption 
threshold  corresponding  to  the  terminal  chosen  during  the  present  iteration 
equal  the  precedence  of  the  request,  then  local  blockages  are  irresolvable  and 
the  request  must  be  denied.  Otherwise,  the  appropriate  preemption  threshold 
is  relaxed,  and  a  new  slot  map  is  generated  based  on  possible  additional  vir¬ 
tual  preemptions.  If  the  MAC  has  not  yet  found  any  set  of  S  common  slots  (i.o. 
if  the  progress  flaq  corresponding  to  this  condition  is  not  "set")  and  if  the 
new  and  previous  available  slot  sets  for  the  terminal  are  identical,  then  the 
additional  relaxation  of  the  preemption  threshold  had  not  pos i t i ve  effect. 

Only  when  one  of  the  terminals'  maps  changes  is  it  fruitful  for  the  MAC  to 
retest  for  availability  of  a  common  S-slot  time  interval.  If  the  MAC  has,  at 
some  point  while  considering  the  current  request,  found  a  prospective  common 
slot  set  and  searched  for  available  slots  on  the  satellite,  then  it  is  a lways 
advisable  to  repeat  the  search  for  satellite  resources.  The  reason:  f'ven 
though  any  new  local  preemptions  may  have  opened  up  no  additional  time  slots 
for  the  term i na 1 ,  they  could  have  freed  some  slots  on  the  satellite. 

The  mechanics  of  seeking  satellite  capacity  (shown  as  a  sinolo  block  in 
the  flowchart  of  Fiq.  2-10)  are  similar  to  those  described  in  greater  detail  in 
Fig.  2-8  for  all-member  nets.  Subsets  of  S  adjacent  slots  from  the  set  of  at 
least  S  available  to  all  request  parties  are  chosen,  starting  with  the  left¬ 
most  subset,  and  expressed  in  map  form.  This  map  is  used  as  a  mask  on  the 
satellite  capacity  map  corresponding  to  virtual  preemption  of  all  satellite 
traffic  of  precedancc  less  than  R.  The  first  match  found  is  used  to  provide 
the  circuit.  It  is  possible,  of  course,  that  no  available  slots  are  found 
after  an  exhaustive  search  of  the  precedence  R  satellite  capacity  map.  In  that 
event,  a  difference  between  the  point-to-point  net  branch  and  the  all -member 
net  branch  of  the  assignment  algorithm  becomes  apparent,  and  that  difference 
relates  to  the  system  design  objective  of  minimizing  preemption  impact.  For 
all-member  nets,  the  only  way  to  continue  considering  the  request  is  to  allow 
virtual  preemptions  of  sa tel I i te  circuits  at  one  level  higher  precedence  (i.c., 
decrement  R  and  search  the  next  satellite  capacity  map).  In  the  case  of  a 
point-to-point  net,  though,  it  is  additionally  possible  to  consider  more  trans¬ 
ceiver  preemption  local  to  the  parties  to  the  request.  As  described  previously 
the  MAC  uses  the  preemption  thresholds,  in  this  case  including  R,  to  determine 
where  virtual  preemption  impact  has  thus  far  been  the  least,  and  then  investi¬ 
gates  the  effects  of  additional  preemption  there.  The  usual  heirarchy  applies 
in  the  case  of  equal  preemption  thresholds.  If  the  decision  is  made  to  examine 
further  transceiver  preemptions,  the  MAC  accesses  the  same  section  of  software 
used  when  no  common  slots  for  the  parties  to  the  request  had  been  found.  This 
time  through,  the  progress  flag  will  have  been  set,  and  S  common  slots  will  be 
found,  so  the  search  for  satellite  resources  definitely  will  occur.  There  are 


three  reasons  why  this  new  search  might  be  more  fruitful.  First,  additional 
preemption  at  one  terminal  may  open  more  slots  for  that  terminal,  in  turn 
making  available  more  slots  in  the  frame  common  to  all  request  parties.  Thus 
it  is  possible  that  more  (conceivably  idle)  satellite  slots  would  be  candidates 
with  which  to  fill  the  request.  The  possible  existence  of  these  idle  slots  is 
a  reason  for  always  starting  the  satellite  resource  search  with  the  preemption 
threshold  (R)  set  at  5.  Second,  even  through  additional  preemption  at  one  of 
the  terminals  may  not  open  up  more  available  slots,  it  may  clear  a  call  from 
the  satellite.  This  is  "free"  capacity,  requiring  no  additional  preemption, 
and  is  one  more  reason  why  the  precedence  5  satellite  capacity  maps  arc  always 
searched  first,  even  though  the  satellite  preemption  threshold  (R)  may  have 
moved  to  higher  levels  during  previous  searches.  Finally,  even  if  allowing 
additional  local  preemption  cleared  no  transceiver  or  satellite  resources,  the 
very  fact  that  that  the  terminal's  threshold  was  raised  may  allow  raising  of 
the  satellite  preemption  threshold,  thus  opening  up  more  slots  to  the  request. 
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III.  CALL  SIMULATOR 


The  TACS  Call  Simulator  generates  requests  for  circuits  ("calls")  and  sta¬ 
tus  reports  from  a  simulated  large-scale  TACS  user  :ommunity.  The  Simulator 
works  from  a  "scenario,"  which  is  basically  its  own  copies  of  the  MAC's  lists 
of  net  member  addresses  and  of  individual  terminal  configurations.  oivon  a 
mean  call  rate  per  net  in  the  scenario,  the  Call  Simulator  pseudorandomly 
generates  calls,  formats  call  parameters  into  request  messages,  and  sends  the 
requests  to  the  MAC.  The  Simulator  is  quite  realistic  in  the  ways  it  formats 
and  transmits  requests,  and  in  that  it  expects  to  qet  responses  to  its  requests: 
otherwise  it  retransmits  them.  It  is  possible  to  drive  the  MAC  with  requests 
from  both  the  Call  Simulator  and  users  at  the  real  subscriber  units. 

The  Call  Simulator  had  three  main  uses:  (1)  During  the  MAC  software  de¬ 
velopment  the  Call  Simulator  was  used  to  generate  large  amounts  of  test  input, 
e.g.,  requests,  which  would  exercise  all  assignment  algorithm  features,  and 
hence  aid  in  the  discovery  of  programming  errors.  (2)  Upon  completion  of  the 
MAC,  the  Call  Simulator  used  was  to  quantify  numerous  aspects  of  the  MAC'S 
performance  in  managing  its  pool  of  circuits.  (3)  There  was  great  interest 
in  demonstrating  TACS  under  the  combined  demands  of  users  at  the  two  ("real") 
subscriber  units  built  at  Lincoln  Laboratory  and  a  more-or-loss  realistic  com¬ 
munications  scenario  involving  many  other  simulated  users. 

The  earliest  versions  of  the  Call  Simulator  were  programmed  almost  entire¬ 
ly  in  FORTRAN  and  were  coresident  with  the  MAC,  in  the  Varian  minicomputer. 

The  request  generation  portion  of  the  simulator  was  continually  upgraded, 
throughout  the  duration  of  the  TACS  project,  and  the  "Varian  Call  Simulator  is 
still  available.  Its  main  advantage  is  that  it  requires  no  real-time  structure 
(with  incumbent  waiting  periods)  in  order  to  remain  synchronized  with  the  MAC, 
and  hence  allows  itself  and  the  MAC  to  run  at  speeds  up  to  ten  times  as  fast  as 
could  be  achieved  if  the  units  had  to  conform  to  the  2-s  TACS  time  frames. 

On  the  other  hand,  usefulness  of  the  Varian  simulator  is  somewhat  limited  since 
its  interface  to  the  MAC,  its  method  of  handling  requests  which  must  be  retrans¬ 
mitted  to  the  MAC,  and  its  inability  to  generate  status  reports  make  it  rather 
unlike  a  real  user  community. 

Midway  through  the  TACS  development,  the  FORTRAN  request  generation  segment 
of  the  Call  Simulator  was  separated  from  the  Varian  computer  and  placed  in  a 
Digital  Equipment  Corporation  PDP-11/03  minicomputer,  eliminating  any  possibility 
of  contention  for  processing-time  resources  between  the  MAC  and  Simulator.  A 
real-time  structure,  appropriate  request  holding/rctransmission  software,  and 
status  report  generation  software,  all  written  primarily  in  DEC'S  MACRO  assembly 
language,  was  added,  allowing  almost  perfectly  realistic  simulation  of  a 
community  of  users.  The  material  to  follow  deals  entirely  with  the  more  real¬ 
istic  "DEC  Call  Simulator,"  which  has  beomce  a  major  element  of  the  TACS 
Central  Control  Facility.  Unique  characteristics  of  the  Varian  Call  Simulator 
are  presented  in  Appendix  H. 
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The  Call  Simulator  software  is  even  less  optimized  than  the  MAC'S.  FORTRAN, 
which  is  expensive  both  in  required  memory  and  run  time,  was  heavily  used  be¬ 
cause  its  hiqh  level  nature  speeded  Simulator  development.  Even  so,  in  the 
worst  measured  case,  the  Call  Simulator  minicomputer  was  only  operating  at  0.3 
duty  cycle;  the  other  70f  of  time  available  for  processing  was  spent  in  a 
"wait  loop."  Total  memory  required  for  the  Simulator  is  approximately  14K 
words;  buffers  and  tables  use  8500,  the  assembly  language  program  uses  2500, 
and  the  421-line  FORTRAN  program  uses  3000  words. 

As  in  the  MAC  and  the  System  Operator's  Console,  the  Call  Simulator  soft¬ 
ware  exists  in  two  forms,  corresponding  to  the  TACS  five-  and  nine-slot  TDMA 
frame  structures.  Aciain,  the  nine-slot  version  is  the  one  most  fully  described, 
with  unique  characteristics  of  the  five-slot  version  being  listed  in  Appendix  D. 

The  remainder  of  this  description  of  the  Call  Simulator  is  divided  into  two 
subsections.  The  first  is  a  functional  description,  which  is  strongly  oriented 
around  the  inputs  to  and  the  expected  outputs  from  the  simulator  minicomputer. 

The  second,  and  much  more  specific,  subsection  details  the  way  in  which  the 
simulator  was  implemented,  relying  heavily  on  Mock  diagrams  and  flowcharts. 

A.  Functional  Description 

1.  Overview 

During  each  TDMA  frame,  the  Master  TAC  unit  passes  all  system  control  mes- 
ages  (i.e.,  circuit  requests,  status  reports,  and  ranging  bursts)  received  from 
the  remote  TAC  unit  to  the  MAC.  A  moderate  amount  of  system  control  message 
processing  must  be  performed  by  the  Master  TAC  before  it  passes  the  messages 
along  to  the  MAC.  Each  individual  message  is  demodulated,  deinterleaved ,  de¬ 
coded,  checked  for  parity  errors,  tagged  with  its  time  of  arrival  within  the 
frame,  and  stored.  Only  when  the  Master  TAC  has  accumulated  the  full  comple¬ 
ment  of  system  control  messages  for  the  frame  does  it  send  them,  in  one  burst 
during  a  short  time  window,  to  the  MAC. 

The  function  of  the  Call  Simulator  is  to  provide  system  control  data  bursts 
for  the  MAC,  these  bursts  giving  the  appearance  that  there  exists  a  large  com¬ 
munity  of  active,  remotely  located  subscriber  units  communicating  system  control 
messages  to  the  MAC  via  a  master  subscriber  unit  (or  units) .  Since  the  main 
intent  is  to  exercise  and  test  TACS  demand  assignment  rather  than  synchronization 
features,  the  Simulator  generates  requests  and  reports  only,  not  ranging  bursts. 

2.  Realism  of  Simulation 

It  was  decided  that  the  simulated  system  control  message  stream  should  be 
as  similar  as  possible  to  the  message  stream  generated  by  the  real  TACS  sub¬ 
scriber  units.  Therefore,  the  individual  simulated  request  and  report  formats 
were  made  identical  to  their  real  counterparts,  and  both  real  and  simulated 
message  streams  arc  transferred  to  the  MAC  during  the  same  time  window.  They 
enter  the  MAC  through  identical,  but  separate  computer  serial  interface  cards 
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.i mi  are  placed  in  separate  buffers.  After  expiration  of  the  time  window,  the 
MAC  simply  combines  the  two  buffers  of  system  control  messages,  and  processes 
them  all  on  .in  equal  footing. 

In  addition  to  appearing  quite  like  real  subscriber  units  in  terms  of  system 
control  message  formats  and  interface  to  the  MAC,  the  Call  Simulator  is  design¬ 
ed  to  conform  to  all  TACS  control  Protocols.  First  when  gcnerat i ng  a  circuit 
request,  the  Simulator  cannot  in  a  purely  random  manner  pick  values  for  the 
individual  request  elements  (these  elements  include  net  address,  call  party 
address,  call  precedence,  and  several  other  items  which  are  discussed  in  detail 
later)  since  to  do  so  would  result  in  inconsistent  requests  which  would  be  re¬ 
jected  by  the  MAC.  The  values  are  "pseudorandomly"  chosen  -  carefully  made  con¬ 
sistent  with  the  MAC'S  view  of  system  configuration  and  status.  In  ord or  to 
maintain  consistency,  the  Simulator  actually  keeps  its  own  versions  of  several 
large  tables  which  comprise  the  MAC'S  data  base. 

An  example  of  consistency  in  configuration  is  evidenced  by  the  method  of 
picking  calling  party  address.  This  request  element  is  selected  by  a  randomly 
driven  pointer  in  the  Simulator's  look-alike  version  of  the  mac's  net  list. 

Thus  when  the  request  is  considered  by  the  MAC,  it  can  pass  the  test  that  the 
calling  party  is  indeed  a  member  of  the  net  which  that  party  is  trying  to  acti¬ 
vate.  Similarly,  an  example  of  consistency  in  status  is  that  already-busy 
users  should  generate  no  new  requests  for  service:  in  queueing  theoretical 
terminology,  this  is  the  "finite  population"  model.  Having  chosen  a  prospective 
calling  party,  the  Call  Simulator  checks  its  up-to-date  version  of  the  MAC’s 
TAC  list,  and  if  the  party  is  already  busy,  the  new  request  is  suppressed. 

The  Call  Simulator  must  also  follow  TACS  control  protocols  when  simulatina 
transmission  of  reauests  to  the  MAC.  Two  features  are  worthy  of  special  mention: 
anticipation  of  dedicated  access  request/report  subslots  and  retransmi ss i on  of 
requests  which  collide  in  random  access  request/report  subslots. 

As  is  the  case  with  real  requests,  if  a  (simulated)  terminal  with  need  to 
transmit  a  (simulated)  request  will  have  dedicated  use  of  a  request/report  sub¬ 
slot  in  either  the  current  or  one  of  the  next  two  TDMA  frames,  it  should  use 
the  dedicated  access  rather  than  using  the  shared  subslots  (and  thereby  un¬ 
necessarily  adding  to  the  contention  for  the  shared  accesses) .  For  real  ter¬ 
minals,  this  may  require  delaying  request  transmission  for  up  to  two  frames. 

In  the  Call  Simulator,  this  delaying  function  is  accomplished  by  placing  such 
a  request  in  a  "request/report  holding  buffer."  There  are  three  of  these  buf¬ 
fers,  corresponding  to  the  current  and  each  of  the  next  two  frames.  Each  buf¬ 
fer  is  sized  to  hold  four  request/reports,  four  being  the  maximum  number  of 
dedicated  accesses  which  TACS  is  designed  to  provide  in  one  frame.  If,  for 
example,  the  simulated  terminal  is  to  have  dedicated  use  of  the  third  request/ 
report  subslot  one  frame  hence,  then  the  first  new  simulated  request  from  end 
users  at  the  terminal  is  held  in  the  third  position  of  the  "frame  +  1"  request/ 
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report  holding  buffer.  The  holding  buffers  arc  used  in  a  circulating  fashion. 

At  the  beginning  of  each  frame  the  simulator  steps  ahead  a  pointer  which  then 
designates  what  had  previously  been  the  "frame  +  1"  buffer  as  the  "current 
frame"  buffer.  All  requost/reports  in  the  current  frame  buffer  are  then  auto¬ 
matically  sent  (contention-free)  to  the  MAC. 

In  the  case  of  real  terminals,  requests  which  cannot  anticipate  and  use 
dedicated  subslots  are  immediately  (i.e.,  in  the  current  frame)  sent  in  the 
shared  request/report  subslots.  There  is  of  course  a  possibility  that  several 
terminals  miqht  choose  to  send  requests  in  the  same  shared  subslot,  resulting 
in  mutual  RF  interference,  and  in  none  of  the  requests  being  received  by  the 
MAC.  The  real  terminals  save  a  copy  of  any  request  transmitted  in  a  shared 
access  subslot.  If  they  receive  no  MAC  response  to  a  request  within  two  frames, 
they  presume  interference  occurred,  randomly  chose  one  from  the  set  of  shared 
request  subslots  in  the  next  three  frames,  and  retransmit  the  request  in  that 
subslot.  The  Call  Simulator  accomplishes  this  function  by  placing  a  second 
copy  of  any  request  being  transmitted  in  the  current  frame's  shared  request 
subslots  in  a  "retransmission  holding  buffer".  There  are  five  of  these  buffers, 
corresponding  to  the  current  and  the  next  four  frames.  Each  retransmit  holding 
buffer  has  capacity  of  ten  requests.  Usage  of  the  buffers  circulates  in  a 
manner  similar  to  that  described  for  the  request/report  holding  buffers.  To 
provide  sufficient  waiting  time  (i.e.,  a  minimum  of  two  frames)  for  response 
from  the  MAC,  any  requests  generated  in  the  current  frame  are  placed,  randomly, 
in  one  of  the  buffers  of  the  three  element  set  "frame  +  2"  through  "frame  +  4." 
Each  request  responded  to  by  the  MAC  is  deleted  from  the  retransmit  holding  buf¬ 
fers.  In  the  event  of  no  MAC  response,  any  request  held  evenutally  circulates 
into  the  "current  frame"  buffer,  is  once  again  sent  to  the  MAC  in  a  shared  sub¬ 
slot,  and  is  once  again  held  for  retransmission  in  case  of  further  interference. 
It  is  worth  noting  at  this  point  that  the  MAC  determines,  based  on  request  ar¬ 
rival  time  in  the  frame,  which  of  the  simulated  and  real  requests  contended 
for  the  same  subslots,  and  simply  ignores  all  contending  requests.  Other  than 
merging  real  and  simulated  system  control  data  streams,  this  is  the  only  extra 
burden  placed  on  the  operational  MAC  software  by  the  requirement  that  the  MAC 
must  work  with  the  Call  Simulator. 

3.  Input  Requirements 

The  complete  software  and  I/O  structure  of  the  Call  Simulator  is  depicted 
in  Fig.  3-1. 

a.  Scenario 

Before  commencing  a  test  run,  the  Call  Simulator  must  be  prov;ded  with  in¬ 
formation  about  the  "scenario"  to  be  used.  This  information  consists  of  a  p>a i r 
of  lists  from  the  MAC'S  data  base:  the  TAC  list  and  the  net  list.  Tfie  scenario 
information  is  required,  because  the  MAC  and  Simulator  must  agree  upon  the  con¬ 
figurations  of  all  subscriber  units  and  nets.  The  calling  party  address,  one  of 


the  elements  of  a  request,  must  correspond,  for  example,  to  an  address  in  the 
MAC's  net  list;  otherwise  the  MAC  will  simply  reject  the  request  as  invalid. 

The  scenario  is  generated  during  an  off-line  (i.e.,  non-real-time)  interactive 
episode  between  the  system  operator  and  a  Varian  program  called  the  "Scenario 
Generator,"  more  fully  described  in  Section  V  of  this  report.  At  the  end  of 
a  scenario  generation  episode,  the  tables  constituting  the  scenario  are  dumped 
to  a  magnetic  tape  for  later  use  with  the  MAC,  and  to  floppy  disk  for  use  by  the 
Call  Simulator. 

b.  Statistics 

Another  set  of  test  run  initial  conditions  is  the  mean  per-net  call  rate 
and  call  duration  arrays.  As  part  of  its  initialization  phase,  the  Call  Simu¬ 
lator  prompts  the  test  manager  for  these  parameters  via  its  console  terminal  key¬ 
board.  Individual  nets  may  be  "shut  off"  simply  by  specifying  a  call  rate  of 
zero.  Once  the  test  run  commences,  all  requests  and  some  parameters  of  the 
requests  are  generated  on  a  pseudorandom  basis.  Intervals  between  calls,  for 
each  net,  arc  Poisson  distributed,  with  mean  value  as  specified  by  the  test 
manager.  Similarly  for  individual  calls,  message  durations  are  exponentially 
distributed.  These  distributions  were  chosen  primarily  because  they  correspond 
to  those  used  in  the  development  of  most  analytical  queueing  models  to  which 
TACS  performance  may  be  compared.  The  algorithms  used  to  generate  data  which 
conform  to  these  distributions  are  as  described  in  Knuth.7 

c.  Control  Bursts 

Throughout  the  test  run,  the  Call  Simulator  accepts  the  MAC'S  control 
burst  data  for  each  frame,  in  real  time,  and  uses  the  information  contained 
therein  to  maintain  an  updated  record  of  system  status.  In  terms  of  large 
data  base  blocks,  status  includes  the  TAC  and  net  lists,  and  in  addition  a 
look-alike  copy  of  the  MAC'S  assignment  list.  Also  extracted  from  the  first 
few  bytes  of  the  control  burst  (see  Figs.  C-l  and  C-2  for  control  burst  for¬ 
mat)  arc  a  number  of  single-word  status  entries,  including  frame-of-day  and 
the  current  shared /dedica ted  mix  of  requost/report  subslots. 

d.  Start  of  Frame  Fulso 

A  final  input  to  the  Cal]  Simulator  is  the  real-time  start  of  frame'  pulse. 
This  pulse  is  interfaced  to  the  Simulator  as  an  interrupt  and  is  provided  by 
the  Fast  Processor  section  of  the  Master  TAC.  The  start  of  frame  pulse  is  used 
to  synchronize  all  of  the  Central  Control  Facility's  units  which  have  inter¬ 
rupt  hardware  to  coordinate  data  transfers  (i.e.,  the  Master  TAC,  the  MAC,  and 
the  Call  Simulator). 

4.  Output  Requirements 

The  Call  Simulator  actually  transfers  to  the  MAC  a  single  buffer  of  out¬ 
put  each  TDMA  frame.  This  buffer  varies  in  size  from  zero  to  a  maximum  of  20 
elements,  each  element  being  comprised  of  five  16-bit  computer  words.  The  buf- 


fer's  composition  varies  from  frame  to  frame,  but  may  include  elements  of  four 
distinct  classes:  requests  generated  in  the  current  frame  and  being  transmitted 
for  the  first  time  in  shared  subslots,  requests  previously  generated  and  being 
retransmitted  in  shared  request/report  subslots  due  to  assumed  earlier  conten¬ 
tion  (in  shared  request/report  subslots),  requests  qenerated  in  either  the  cur¬ 
rent  or  a  previous  frame  but  combined  with  status  reports  and  being  transmitted 
in  dedicated  request/report  subslots,  and  finally  simple  status  reports  uti¬ 
lizing  dedicated  subslots.  The  following  paragraphs  describe  the  classes  of 
output  in  further  detail.  Exact  formats  of  requests  and  status  reports  are 
presented  in  Appendix  C. 

a.  Requests 

Each  request  which  arrives  at  the  MAC  consists  of  a  number  of  fields  of 
related  bits  or  "parameters,"  which  are  listed  in  Table  3.1  along  with  the  range 
and  nominal  distribution  of  each  parameter. 


TABLE  3 . 1 

REQUEST  PARAMETERS 


Parameter 

Range 

Net  address 

1 

to 

127 

Calling  party's  TAC 
address 

1 

to 

511 

Called  party's  TAC 
address 

1 

to 

511 

Call  precedence 

1 

to 

5 

Call  duration 

1 

to 

31 

Late  entry  to  net 

0 

or 

1 

Conference  call 

0 

or 

1 

Call  direction 
( Broadca st/ two-way ) 

0 

or 

1 

Number  of  previous 
request  attempts 

0 

to 

7 

Flowchart 


Distribution 

Desi' 

Fixed 

Uniform 

CRAD 

Uniform 

CEAD 

Uniform  (skewable) 

PREC 

Exponential 

MDUR 

Skewed  (5?) 

LECF 

Skewed  (20%) 

LECF 
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All  request  parameters  other  than  those  listed  as  being  of  fixed  distribution 
are  chosen,  for  each  individual  call,  in  a  pseudorandom  way  (i.e.,  the  result 
of  values  returned  by  a  uniform  random  number  generator)  subject  to  certain 
constraints  imposed  by  the  reouirement  of  realistic  behavior. 

In  each  frame,  the  order  in  which  the  Call  Simulator  generates  requests 
corresponds  to  the  order  of  the  nets  in  its  net  list.  That  is,  starting  with 
the  first  net  in  that  list,  and  for  each  net  whose  mean  pcr-nct  call  rate  is 
non-zero,  the  simulator  generates  a  number  (possibly  zero)  of  Toisson  distri¬ 
buted  events,  each  one  of  which  corresponds  to  a  new  request.  For  those  re¬ 
quests,  the  net  address  is  naturally  fixed.  One  of  the  first  parameters  chosen 
(and,  incidentally,  a  parameter  which  affects  the  choices  of  a  number  of  sub- 
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sequent  parameters)  is  the  TAC  address  of  the  calling  party.  This  address  is 
picked  at  random  from  the  set  of  addresses  of  all  members  of  the  net.  The  range 
of  this  parameter  is  TACS  system-limited  to  a  maximum  of  511,  and  may  be  further 
limited  by  the  actual  number  of  TACS  in  the  scenario  (63,  127,  or  255).  The 
TAC  address  of  the  called  party  is  handled  similarly,  except  that  for  all¬ 
member  nets  it  is  not  used  (set  to  zero)  and  for  point-to-point  nets  it 
(naturally)  cannot  be  the  same  as  the  calling  party  address.  Call  precedence 
is  nominally  distributed  uniformly  in  the  range  one  (highest)  to  five.  Provision 
was  included  to  skew  the  distribution  towards  higher  precedences,  but  that 
feature  was  very  seldom  used.  Certain  special  types  of  requests  have  restricted 
precedence  ranges.  I.ate-entry-to-net  requests,  for  example,  are  forced  to 
precedence  level  five,  and  requests  to  add  parties  to  an  on-qoing  assignment 
(conference  calls)  are  forced  to  conform  to  the  initial  call  precedence.  Call 
(or  message)  durations  are  exponentially  distributed  with  per-net  mean  values 
as  specified  upon  test  run  initialization.  The  value  of  zero  is  not  allowed, 
since  it  would  be  interpreted  by  the  MAC  as  a  circuit  need  of  indefinite  dura¬ 
tion,  and  a  resulting  assignment  would  never  clear  itself  from  the  system.  The 
raw  call  duration  number  corresponds  to  time  frames  for  record  traffic  nets 
and  to  minutes  for  voice  nets.  The  late-entry-to-net  parameter  is  applicable 
only  to  all-member  nets,  with  the  same  bit  position  in  the  request  format  being 
alternatively  used  as  a  conference  call  flag  to  add  parties  to  an  on-going 
assignment  in  a  point-to-point  net.  Five  percent  of  all-member  net  requests 
are  of  the  late-entry  type.  In  addition  to  precedence,  two  other  late-entrv 
request  parameters  are  forced;  call  duration  and  call  direction  both  equal  to 
zero.  If  the  chosen  calling  party  in  a  point-to-point  net  is  already  busy,  the 
Call  Simulator  will  with  probability  0.8  simply  give  up  on  generating  the  re¬ 
quest,  this  action  corresponding  to  the  "finite  population”  model  where  busy 
users  generate  no  new  demands.  The  other  20  percent  of  the  time,  a  conference 
call  request  is  generated,  and  again  a  number  of  parameters  are  forced:  call¬ 
ing  TAC,  precedence  and  call  direction  to  their  initial-call  values,  duration 
to  zero,  and  called  TAC  to  a  non-participant  in  the  initial  call.  The  call 
direction  parameter  isanother  which  is  handled  differently  depending  on  the  net 
type.  Eighty  percent  of  all-member  net  calls  and  sixty  percent  of  point-to- 
point  net  calls  are  two-way,  and  the  remainder  are  broadcast  calls.  The  final 
request  parameter  from  Table  3-1,  a  count  of  the  number  of  previous  unsuccess¬ 
ful  attempts  by  the  TAC  to  send  the  request  to  the  MAC,  is  initialized  to  the 
value  zero.  A  three-bit  parameter,  it  saturates  after  seven  retransmissions, 
but  the  range  has  proved  entirely  adequate.  In  a  TACS  environment  configured 
with  a  sufficient  number  of  shared  request/report  subslots,  it  should  be  rare 
that  a  request  need  be  sent  more  than  twice.  Having  generated  the  above  para¬ 
meters  (net  address  through  attempt  count  in  Table  3-1),  the  Simulator  lias  fully 
specified  the  request  itself.  The  request  paramet ersare  then  packed  into  appro¬ 
priate  fields  of  the  five  16-bit  computer  words  which  constitute  the  request 
formatting  buffer. 
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A  real  TAGS  subscriber  unit  prompts  the  calling  user  for  most  of  the  fore- 
mentioned  nine  request  parameters.  When  the  prompting  sequence  is  complete,  the 
terminal  packs  the  parameters  into  a  40-bit  stream,  computes  and  appends  an  8-bit 
parity-check  (block)  code,  and  transmits  the  request  over  the  satellite  links. 

The  Master  TAC ,  upon  receiving  the  request  burst,  checks  and  strips  off  the 
parity  bits,  but  also  appends  the  request's  time  of  arrival  in  the  frame,  fre¬ 
quency  channel  used,  and  data  characterizing  the  remote  terminal's  uplink  quality. 
Only  after  adding  the  time  of  arrival  and  uplink  quality  information  to  the  re¬ 
quest  does  the  Master  TAC  pass  it  to  the  MAC'S  input  buffer. 

The  Call  Simulator  interfaces  directly  to  the  MAC,  without  the  aid  of  a 
Master  TAC.  Hence  the  Simulator  has  been  designed  to  assume  the  Master  TAC 
functions  by  appearing  to  measure  request  burst  arrival  time  and  data  quality. 

For  the  Simulator,  picking  the  request  arrival  time  (and  channel)  really 
amounts  to  choosing  in  which  of  the  request/report  subslots  ,to  "send"  the 
request.  That  subslot  number  is  then  used  as  a  pointer  in  a  table  which 
specifies,  for  each  subslot,  arrival  time  and  frequency  channel.  The  range 
from  which  the  subslot  may  be  chosen  for  request  transmission  is  highly  depen¬ 
dent  on  the  instantaneous  configuration  of  the  system.  If  the  request  is 
going  through  the  dedicated  report/request  subslots,  the  particular  subslot 
used  is  dictated  to  be  the  one  dedicated  to  the  callino  TAC.  That  subslot 
must  be  in  the  range  1  through  N,  where  N  is  1,  2  or  4,  and  corresponds  to  the 
number  of  subslots  per  frame  which  the  MAC  is  using  in  dedicated  mode.  If  the 
request  is  employing  the  shared  request/report  subslots,  the  particular  subslot 
used  is  randomly  chosen  from  the  set  of  subslots  currently  designated  for 
shared  usage.  In  the  final  implementation  of  the  TAC  system,  this  is  the  re¬ 
mainder  of  the  reguest/report  subslots.  The  total  count  of  roquost/ropor t  sub¬ 
slots  may  be  6,  12,  or  18,  depending  on  whether  the  MAC  is  currently  providing 
additional  request  capacity  by  opening  secondary  and  tertiary  channels  to  rc- 
nuests.  Request  capacity  is  provided  in  increments  of  six  subslots,  the 
number  which  will  fit  within  the  boundaries  of  one  TACS  2400-bps  data  slot. 

(See  Appendix  A,  "Frame  Structure  Design.") 

Choosing  the  particular  subslot  in  which  to  send  the  request  is  part  of  the 
larger  task  of  determining  how  to  dispose  of  a  new  request  currently  resident 
and  partially  formatted,  in  the  request  formatting  buffer.  First,  all  of  the 
requests  being  held  in  the  Simulator  awaiting  response  by  t tie  MAC  are  compared 
to  the  new  request.  If  the  new  request  is  a  duplicate  (i.e.,  a  subsequent 
request  from  the  same  end  user,  generated  before  the  MAC  has  responded  to  a 
pending  request)  then  it  is  discarded,  since  the  real  TACS  subscriber  units  are 
programmed  to  allow  end  users  to  have  only  one  request  at  a  time  pending.  since 
casting  out  requests  perturbs  the  temporal  distribution  from  the  desired  Poisson 
case,  a  counter  is  incremented  each  time  a  request  is  so  discarded.  At  the  end 
of  the  simulation,  the  test  manager  may  inspect  this  perturbation  log,  and  make 
a  value  judgment,  as  to  whether  duplication  of  requests  lias  invalidated  the  test, 
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for  his  purposes.  Second,  provided  the  new  request  was  not  a  duplicate,  the  Call 
Simulator  must  pick  one  of  two  paths  by  which  to  send  the  request  to  the  MAC. 
These  paths  are  depicted  emanating  from  the  request  formatting  buffer  in  Fig.  3-1. 
If  the  calling  party's  subscriber  unit  expects  its  dedicated  report/request 
subslot  to  come  around  in  either  the  current  or  one  of  the  next  two  time  frames, 
then  the  request  simply  waits,  is  combined  with  the  unit's  status  report  and 
takes  advantage  of  the  dedicated  access  to  the  MAC.  Otherwise,  the  request  vies 
for  a  random-access  subslot  during  the  current  frame  and  a  copy  is  saved  in  a 
holding  buffer  for  retransmission  after  a  wait  of  two,  three1,  or  four  frames 
(randomly  chosen)  if  no  response  is  received  to  the  first  attempt.  In  the 
event  that  the  chosen  retransmission  holding  buffer  is  full,  the  request  can¬ 
not  be  held  for  retransmission.  This  again  is  a  perturbation  from  desired 
Simulator  performance,  and  is  logged  in  a  manner  similar  to  the  handling  of 
duplicate  requests.  In  the  very  special  case  of  a  request  emanating  from  a 
user  at  the  simulated  central  control  site  (the  Simulator  considers  TACs  number 
1  through  1  to  be  at  the  central  controller),  the  request  is  combined  with  a 
report  if  a  report  is  scheduled  for  the  current  frame;  otherwise  the  request 
is  passed  directly  to  the  MAC,  with  no  copy  retained.  Retransmission  is  never 
necessary  since  central  control  site  requests  arc  local  to  the  MAC,  need  not 
be  relayed  by  satellite,  and  hence  are  not  subject  to  contention. 

As  previously  mentioned,  uplink  quality  is  not  technically  a  request 
parameter.  For  TACS  requests  from  real  subscriber  units,  it  is  measured  by 
the  Master  TAC  and  appended  to  the  request,  is  then  8-lcvel  quantized  by  the 
MAC  and  finally  stored  in  the  MAC'S  TAC  list  along  with  other  information  per¬ 
taining  to  the  calling  unit.  For  simulated  subscriber  units,  the  (static) 
quantized  uplink  quality  record  is  taken  from  the  Call  Simulator's  copy  of 
the  TAC  list,  is  "unquantized"  using  a  table,  and  is  appended  to  the  request. 

The  MAC  reverses  this  process,  forcing  both  MAC  and  Call  Simulator  to  agree 
on  the  simulated  users'  link  qualities. 

b.  Status  Reports 

The  second  output  requirement  of  the  Call  Simulator  is  to  generate  status 
reports,  at  appropriate  times,  from  all  subscriber  units  which  are  active  (in 
"on"  status)  in  the  simulated  scenario.  The  report  may  stand  alone  or,  if  some 
one  of  the  users  at  the  subscriber  terminal  has  a  pending  request ,  may  overlay 
with  the  request.  Report  information  consists  of  a  total  of  nine  bits  -  five 
describing  the  quality  of  the  terminal's  downlink  and  four  indicating  the  status 
(whether  currently  engaged  in  communications  or  not)  of  each  of  the  four  I/O 
ports.  All  of  these  bits  for  a  given  simulated  TAC  are  static,  and  as  shown  in 
Fig.  C-3,  they  occupy  the  same  bit  positions  as  the  calling  party's  address  for 
requests.  The  link  quality  information  is  specified  when  the  scenario  is  created 
using  the  Scenario  Generator  and  is  loaded  with  the  TAC  list  during  Simulator 
initialization;  the  Simulator  simply  extracts  the  information  from  its  TAC  list 
and  places  it  in  the  report.  Thus,  to  the  MAC,  it  appears  that  all  subscriber's 


links  remain  at  the  value  initially  estimated.  The  "I/O  port  activity"  bits  are 
always  "set,"  indicating  the  continued  use  of  all  circuits.  As  mentioned 
previously,  all  simulated  calls  are  provided  with  time  requirement  estimates, 
and  they  leave  the  system  automatically  when  that  time  expires.  In  the  case 
where  a  report  and  a  request  are  to  occupy  the  same  subslot,  the  report  infor¬ 
mation  overwrites  the  calling  party  TAC  address  of  the  request.  That  information 
is  expendable,  since  the  MAC  knows  (i.e.,  can  calculate  the  address  of)  which 
TAC  has  use  of  each  dedicated  request/report  subslot.  The  Call  Simulator  appends 
the  time  of  arrival  and  uplink  quality  fields  to  reports,  in  the  same  formats 
used  for  requests. 

After  a  unit's  status  report  is  generated,  it  is  placed  in  the  position 
of  the  request/report  holding  buffer  for  the  current  frame  which  corresponds  to 
the  subslot  dedicated  to  that  subscriber.  The  holding  buffers  each  have  a  capa¬ 
city  of  four  reports  (or  report/requests) ,  equalling  the  maximum  number  of  sub¬ 
slots  which  the  MAC  can  dedicate.  During  a  given  frame,  the  current  frame's 
buffer  will  most  likely  contain  less  than  four  reports,  for  two  reasons.  Some¬ 
times  the  MAC  is  configured  to  dedicate  only  one  or  two  of  the  six  request/ 
report  subslots.  Secondly,  the  dedicated  subslots  are  given  to  subscriber  units 
with  adjacent  (integer)  addresses,  and  not  all  units  are  "on"  and  generating 
reports. 

c.  Combined  Request/Report  Message  Stream 

For  each  frame,  the  first  elements  placed  in  the  20-element-capacity  request/ 
report  output  buffer  (Ref.  Fig.  3-1)  for  transfer  to  the  MAC  are  any  requests 
scheduled  for  retransmission.  The  imbedded  count  of  the  number  of  previous  re¬ 
quest  attempts  was  incremented  when  the  requests  went  into  the  retransmit  hold¬ 
ing  buffer,  so  the  held  requests  are  simply  copied  over.  There  is  naturally  a 
chance  that  the  retransmitted  requests  still  will  not  succeed  in  getting  through 
to  the  MAC,  so  they  should  be  once  again  held  for  retransmission  in  a  randomly 
chosen  frame  in  advance.  If  there  is  space  in  the  chosen  retransmit  holding 
buffer,  the  request's  attempt  count  is  again  incremented  and  it  takes  a  position 
in  that  buffer.  Conversely,  if  the  chosen  buffer  is  already  full  (i.e.,  holding 
ton  requests),  the  request  cannot  be  held.  That  request  is  lost  from  the  re¬ 
transmission  scheme,  once  again  a  perturbation  from  desired  Simulator  behavior, 
and  as  described  previously  a  recond  of  this  perturbation  is  logged  for  post¬ 
mortem  simulation  run  inspection.  The  next  elements  placed  into  the  ouput 
buffer  are  requests  newly  generated  in  the  current  frame  and  vying  for  shared 
request/report  subslots.  The  Simulator  already  knows  the  number  of  reports  f oi 
the  current  frame  and  has  reserved  space  in  the  output  buffer,  but  has  not 
copied  the  report/requests  to  that  buffer  yet.  New  requests  continue  to 
occupy  the  output  buffer  until  either  the  request  generation  segment  of  the 
Simulator  finishes  its  job  for  all  nets  in  the  scenario  or  until  the  output 
buffer  saturates.  In  the  latter  event,  the  generator  must  stop  prematurely  - 
one  more  perturbation.  A  counter  is  incremented  once  for  each  TDMA  frame  during 
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which  this  happens.  The  final  elements  to  be  transferred  to  the  output  buffer 
are  any  reports  or  combined  report/requests. 

d.  Perturbation  Log  (Internal) 

A  third  output  of  the  Call  Simulator  is  a  log  of  perturbations  encountered 
during  the  course  of  a  simulation.  Unlike  requests  and  reports,  this  log  is 
not  output  in  real  time  but  is  stored  in  Call  Simulator  memory  and  may  be  in¬ 
spected  after  the  simulation  run  is  halted.  The  perturbation  events  concerning 
call  statistics  were  described  in  the  preceding  paragraphs,  and  number  four  in 
type: 

1.  Duplicate  requests 

2.  Requests  which  could  not  be  held  for  their  first  retransmission 

3.  Requests  which  could  not  be  held  for  subsequent  retransmissions 

4.  Frames  during  which  the  output  buffer  was  too  small  to  accommodate 
the  number  of  new  requests  being  generated 

In  addition  to  this  statistical  perturbation  log,  the  Call  Simulator  does  a 
moderate  amount  of  checking  for  internal  errors,  especially  related  to  its 
real-time  software  performance.  In  the  event  that  an  error  is  detected,  the 
Simulator  either  corrects  the  error  and  logs  the  event  (e.g.,  in  the  case  of  a 
missed  control  burst)  or  aborts  the  run.  After  initial  software  checkouts, 
run  aborts  became  virtually  nonexistent,  occurring  only  during  severe  AC  power 
service  disruptions. 

5.  Limitations 

Though  the  actions  of  the  TACS  Call  Simulator,  as  implemented,  emulate  a 
user  community  in  a  quite  realistic  manner,  there  do  exist  certain  limitations 
in  the  scope  of  activities  simulated.  Specifically,  the  Simulator  docs  not 
deal  with  initial  ranging  bursts,  active  call  termination,  and  the  time- 
variability  of  some  terminal  character ist ics .  Also,  the  actions  of  the  Call 
Simulator  and  of  the  MAC  in  dealing  with  simulated  request  and  report  bursts 
are  not  apportioned  to  the  two  units  in  the  same  manner  as  they  would  be  if  all 
users  were  real. 

a.  Ranging  Function 

Tt  was  decided  not  to  require  the  Call  Simulator  to  pseudor andomly  "turn 
on"  subscriber  units  and,  as  part  of  the  startup  process,  to  send  initial 
ranging  bursts  to  the  MAC.  Rather,  all  subscriber  units  which  are  configured 
to  be  members  of  any  net  are  initialized  in  an  "on"  state  in  the  TAC  list  by 
the  Scenario  Generator.  Thus  these  units  are  indicated  as  "on"  when  the  data 
base  is  initially  loaded  into  the  Simulator,  and  the  Simulator  generates 
reports  from  the  units  throughout  the  simulation  run.  The  reason  for  not 
simulating  the  initial  ranging  process  is  that  performance  behavior  of  the 
ranging  subslots  can  be  treated  quite  easily  analytically. 
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b.  Circuit  Relinquishment 

Real  calls  assigned  circuits  may  leave  TACS  either  upon  expiration  of  the 
time  requirement  if  specified  in  the  request  or  upc  receipt  by  the  MAC  of  a 
report  containing  a  "hangup"  signal  (in  the  "I/O  port  activity"  field).  All 
simulated  request  include  a  (non-zero)  time  requirement,  and  thus  all  simulated 
calls  terminate  by  the  former  method.  The  choice  of  specifying  call  duration 
at  the  time  of  request  generation  was  made  for  ease  of  implementation.  The 
hangup  flags  in  the  subscriber  units'  reports  are  never  used  by  the  Simulator 
(i.e.,  they  are  static)  since  it  is  undesirable  to  terminate  a  call  premcturely, 
hence  perturbing  the  exponential  distribution  of  call  durations. 


c.  Dynamics 

An  actual  terminal's  link  qualities  and  uplink  timing  would  vary  as  a 
function  of  time.  Since  TACS  was  a  hardware  development  project,  the  effects 
of  these  variations  could  be  studied  using  the  real  subscriber  units,  so  for 
simplicity's  sake  the  Call  Simulator  generated  static  link  reports  and  burst 
arrival  times.  The  Scenario  Generator  requires  that  estimates  of  uplink  and 
downlink  signal-to-noise  ratios  and  pulse-blanker  duty  factors  (percent  RFI)  be 
made  for  all  terminals  active  in  nets.  This  information  is  coded  into  a  block 
of  eight  bits  and  placed  in  the  initial-condition  TAC  list.  Each  time  that  a 
simulated  terminal  must  send  a  link  report,  the  Simulator  simply  goes  to  the  TAC 
list  and  repeats  the  initial  link  estimate.  The  Simulator  contains  a  table  of 
six  burst  arrival  times  (relative  to  the  start  of  frame),  corresponding  to  the 
six  request/report  subslots.  Independent  of  terminal  or  time  of  day,  all  bursts 
destined  to  use  a  given  subslot  are  assigned  the  same  arrival  time,  as  specified 
by  the  table. 


Continuing  with  the  issue  of  burst  arrival  time,  with  real  subscriber 
units,  that  time  is  measured  by  the  Master  TAC  at  the  central  control  site 
and  is  appended  to  the  request  or  report  (or  ranging)  data  before  transfer 
to  the  MAC.  Since  the  Call  Simulator  and  MAC  interface  directly,  that  func¬ 
tion  had  to  be  assumed  by  one  of  those  units.  The  Call  Simulator  was  the 
logical  choice  since  appending  time  of  arrival  there  allows  identical  formats 
for  all  requests  and  reports,  real  and  simulated,  arriving  at  the  MAC.  An  extra 
burden  which  was  placed  on  the  MAC  is  the  handling  of  contention  for  capacity 
in  the  shared  request/report  subslots.  In  a  real  full-scale  TACS  environment, 
all  requests  sent  in  the  same  subslot  by  various  terminals  would  interfere  at 
RF ,  and  in  all  likelihood  none  would  be  successfully  received.  For  the  TACS 
demonstration  system,  the  MAC  uses  request  burst  arrival  times  to  calculate 
which  subslot  was  used  by  each  request  (both  real  and  simulated) ,  and  in  the  cas 
where  multiple  requests  choose  the  same  subslot,  casts  out  (i.e.,  does  not  place 
in  queue)  all  of  them,  (For  more  detail  on  this  process,  see  the  description  of 
the  MAC  "input  algorithm"  in  Section  II. F.) 
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Conclusion 


The  advantages  of  the  quite  realistic  Call  Simulator  are  clear  and  multi¬ 
ple.  First  it  allowed  testing  of  an  operational  version  of  the  MAC  software  by 
using  simulated  input.  Thus  the  MAC'S  ability  to  handle  requests  was  confirmed 
long  before  the  subscriber  unit  development  was  complete.  When  it  came  time  to 
interface  the  MAC  and  subscriber  unit,  it  was  necessary  only  to  confirm  that  the 
TAC  was  formatting  the  requests  properly  and  that  the  hardware  interface  was 
capable  of  transferring  bits.  Second,  the  fact  that  the  Simulator  was  so  realis¬ 
tic  meant  that  few  modifications  and  additions  to  the  operational  MAC  programs 
were  required  in  order  to  allow  the  two  units  to  work  together.  This  resulted 
in  a  savings  in  terms  of  MAC  programming  effort.  Third,  as  mentioned  previously, 
the  compatibility  in  format  between  requests  and  status  reports  from  real  and 
simulated  users  means  that  the  MAC  can  service  both,  simultaneously.  This  makes 
it  possible  to  demonstrate,  with  the  two  real  subscriber  units  and  the  Call  Sim¬ 
ulator,  the  grade  of  service  that  users  might  experience  in  a  full-scale,  fielded 
TACS  environment.  Finally,  the  degree  to  which  the  Simulator  emulates  actual 
subscriber  units  means  that  no  special  "handshaking”  between  Simulator  and  MAC 
is  required.  The  Simulator  simply  listens  to  the  control  bursts  and  sends  re¬ 
quest/report  bursts.  It  is  felt  that  this  "clean"  interface  lends  greater 
credibility  to  both  system  demonstrations  performed  and  performance  data  generated 
via  simulation. 

B.  Implementation  Details 

The  preceding  section  of  this  report  described  the  functional  design  of 
the  TACS  Call  Simulator,  primarily  from  the  viewpoints  of  the  inputs  provided 
it  and  the  outputs  expected  of  it.  This  section  attempts  to  expose,  in  moderate 
detail,  the  way  in  which  the  Simulator  was  implemented  on  the  DEC  minicomputer. 
Included  are  subsections  covering  the  hardware  and  software  configurations. 

Once  again,  it  should  be  noted  that  the  material  to  follow  pertains  to  the 
nine-slot  frame  structure,  and  that  Appendix  D  details  all  significant  differ¬ 
ences  for  the  five-slot  version. 

1 .  Hardware 

The  TACS  Call  Simulator  is  implemented  on  a  Digital  Equipment  Corporation 
PDP-11/03,  a  16-bit  microcomputer,  for  this  application  configured  with  28K 
words  of  memory.  Peripherals  on  the  system  include  an  LA36  DECwriter  terminal, 
a  model  VT55  CRT  terminal,  and  two  RX01  floppy  disk  drives.  Figure  3-2  shows 
the  configuration  of  the  hardware. 

Implementation  of  the  Call  Simulator  requires  two  interrupt  sources.  To 
provide  for  synchronization  of  the  entire  Central  Control  Facility,  a  start  of 
frame  (SOF)  pulse  is  generated  by  the  Fast  Processor  section  of  the  Master  TAC. 
This  pulse  is  connected  to  the  signal  request  line  of  the  parallel  interface 
module  (DRV11)  in  the  DEC  computer.  When  the  signal  is  present,  an  interrupt 
is  generated.  To  coordinate  data  transmission  between  the  MAC  and  the  Simulator, 


67 


A 


* 


a  second  interrupt  is  needed.  The  source  of  this  interrupt  is  the  programmable 
real-time  clock  (KWV1I-A)  present  in  the  PDP-11/03.  This  clock  may  be  program¬ 
med  to  generate  an  interrupt  at  any  specified  time  from  when  it  is  enabled. 

Communication  between  the  Call  Simulator  and  the  MAC  is  achieved  by  means 
of  a  standard  RS-232  serial  interface  between  the  two  computers.  This  requires 
a  DLV11  serial  interface  card  in  the  DEC  computer.  The  data  rate  for  this  inter¬ 
face  is  9600  baud. 

2.  System  Software 

The  operating  environment  of  the  computer  is  the  DEC  RT-11  operating 
system  -  a  single  job,  real-time  environment.  The  Call  Simulator  is  linked 
and  executed  with  a  Digital  debugging  program,  "ODT” .  The  debugger  allows 
memory  to  be  easily  examined,  provides  a  place  to  proceed  upon  incurring  an 
error,  and  allows  the  program  to  be  restarted. 

3.  Simulation  Software 

The  Call  Simulator  consists  of  a  mixture  of  FORTRAN  and  MACRO,  Digital's 
assembly  language.  The  high  level  language  is  used  wherever  possible,  with  re¬ 
liance  on  assembly  language  only  for  real-time  and  individual -bi t-oricntcd  opera¬ 
tions.  The  software  includes  a  non-real-time  initialization  segment  during 
which  the  tost  manager  is  prompted  to  supply  statistical  parameters  and  the 
data  base  is  loaded  into  the  computer,  from  floppy  disk.  After  initialization, 
the  Simulator  shifts  to  real-time  mode,  performing  the  same  series  of  opera¬ 
tions  frame  after  frame,  until  the  simulation  run  is  halted  by  stopping  the 
MAC.  The  Simulator  and  MAC,  in  conjunction,  are  capable  of  recommencing  real¬ 
time  operation  after  a  temporary  halt. 

The  general  flow  of  data  through  the  Call  simulator,  and  of  the  Simulator’s 
processing  sequences  is  shown  in  Fig.  3-1.  The  flow  starts  in  the  lower  right- 
hand  corner,  with  receipt  of  the  control  burst  from  the  MAC,  and  forms  an  arch 
through  the  request  generation  process,  ending  in  the  lower  lefthand  corner, 
with  the  transmission  of  requests  and  reports  to  the  MAC.  In  Fig.  3-1, 
single-line  boxes  indicate  computer  processing  and  double-line  boxes  signify 
various  data  storage  areas  (tables,  buffers,  etc.).  The  capacity,  in  full 
five-word  request/reports,  is  shown  in  the  corner  of  each  segment  of  the  request/ 
report  buffers.  Following  the  data  flow  in  greater  detail,  the  Simulator  first 
receives  a  control  burst  from  the  MAC,  under  control  of  its  real-time  and  I/O 
routines  (assembly  language),  placing  that  control  information,  in  raw  form, 
into  the  control  burst  buffer.  The  system  status  maintenance  routines  then 
decode  and  act  upon  information  contained  in  the  control  burst.  For  example, 
the  data  base  is  updated  to  reflect  any  circuit  assignments  or  preemptions,  the 
circulating  buffer  management  routines  are  directed  to  exnunge  all  reouests 
which  have  received  final  responses,  and  system  configuration  parameters  such 
as  the  number  of  dedicated  request/report  subslots  per  frame  are  passed  on  to 
the  request  and  report  generators.  Next  the  reports  and  requests  for  the  <-ur- 
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rent  frame  are  generated.  Finally  all  output  destined  for  the  MAC  during  the 
current  frame  is  assembled  into  the  request/report  output  buffer,  and  control 
returns  to  the  real-time  and  I/O  routines  which  coordinate  transfer  to  the  MAC. 

This  report  section  describes  each  class  of  Simulator  operation,  relying 
heavily  on  the  aid  of  flowcharts.  Where  possible,  the  flowcharts  are  organized 
in  nested  series,  with  each  flowchart  in  the  nest  presenting  increasingly  de¬ 
tailed  information.  It  is  hoped  that  this  will  allow  the  reader  to  comprehend 
the  Call  Simulator  algorithms  to  whatever  depth  desired. 

a.  Initialization  Routines 

The  first  portion  of  the  Call  Simulator  software  initialized  parameters 
and  computer  I/O  devices.  Values  of  the  average  per-not  call  rates  and  dura¬ 
tions  to  be  used  in  the  request  qeneratinq  routines  are  requested  from  the  test 
manager  and  entered  as  input.  Since  requests  are  generated  on  the  bais  of  in¬ 
formation  about  TACs  and  nets  in  the  system  and  since  the  MAC  makes  assignments 
also  based  on  this  information,  identical  information  must  be  present  in  both 
computers.  To  do  this,  a  copy  of  several  lists  comprising  part  of  the  MAC'S 
initial  data  base  must  have  been  stored  on  a  floppy  disk  and  is  read  into  the 
simulator  during  program  initialization.  Subsequent  routines  update  these  lists 
using  control  information  received  from  the  MAC.  An  assignment  list  must  also 
be  maintained  in  the  Call  Simulator;  this  is  initialized  to  zero. 

b.  Real-time  Routines 

Interrupts  synchronize  data  transfer  between  the  MAC  and  the  Call  Simulator; 
that  is,  the  transmission  of  the  control  burst  from  the  MAC  to  the  Simulator 
and  the  transmission  of  requests  and/or  reports  from  the  Simulator  to  the  MAC. 

An  initial  control  burst  must  be  received  from  the  MAC  before  any  request/report 
generation  is  begun  by  the  Simulator.  When  the  start  of  frame  pulse  interrupts, 
the  Call  Simulator  enables  the  programmable  real-time  clock  to  generate  a  sub¬ 
sequent  interrupt  1.8  s  later  in  the  frame.  When  this  second  interrupt  occurs 
the  program  waits  to  receive  the  42  eight-bit  bytes  of  the  control  burst  from 
the  MAC  and  then  waits  for  the  next  start  of  frame  interrupt.  If  no  control 
burst  data  have  been  received  by  that  time,  this  sequence  of  events  is  repeated. 

Once  the  initial  control  burst  has  been  received,  simulation  may  begin. 

Upon  receipt  of  a  start  of  frame  interrupt  the  real-time  clock  is  enabled.  A 
flag  is  set  to  indicate  that  the  current  frame's  processing  has  begun  and  the 
time  is  recorded.  The  buffer  containing  any  requests  and/or  reports  generated 
in  the  previous  frame  is  transmitted  to  the  MAC.  This  buffer  is  flexible  in 
length  to  a  maximum  of  20  reports  and/or  requests.  In  the  time  before  the  next 
real-time  clock  interrupt  occurs,  processing  of  all  the  information  contained 
in  the  control  burst  is  performed  as  well  as  the  generation  of  the  next  output 
buffer  of  requests  and  reports.  At  the  time  the  next  interrupt  occurs,  a  check 
is  made  that  all  this  precessing  is  complete;  if  it  is  not,  an  error  has  occurred. 
If  there  is  no  error,  the  amount  of  time  that  the  current  frame's  processing  has 
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taken  is  computed  and  the  maximum  time  over  all  frames  to  the  present  is  stored. 
All  of  this  real-time  structure  is  programmed  in  assembly  language.  For  a 
diagram  of  this  structure,  see  Fig.  3-3. 

After  at  least  one  control  burst  has  been  received,  the  Simulator  halts 
at  any  time  that  the  MAC  stops  transmitting  control  bursts.  A  message  is  print¬ 
ed  on  the  VT55  terminal  and  the  program  branches  to  the  debugger,  ODT .  It  is 
then  possible  to  reenter  the  program  (manually,  through  and  ODT  GOTO  command) 
and  continue  with  the  simulation  as  soon  as  the  MAC  starts  to  again  transmit 
control  bursts.  Any  requests  in  the  output  buffer  are  transmitted  and  regular 
processing  resumes. 

c.  System  Status  Maintenance  Routines 

This  subsection  and  the  one  which  follows  describe  the  major  Call  Simulator 
processing  tasks.  These  tasks  are  performed  in  the  time-order  depicted  in  the 
general  flowchart  of  Fig.  3-4. 


Fig.  3-4.  Overview  of  Call  Simulator 
processing  structure. 


The  control  burst  received  by  the  Simulator  is  identical  to  the  control 
burst  received  by  a  real  TAC.  It  consists  of  both  system  control  information 
and  request  responses.  (See  Appendix  C  for  the  format  of  the  control  burst.) 
Initially  error  checks  are  made  to  determine  the  completeness  of  the  control 
burst  received,  as  well  as  to  ensure  that  the  frame-of-day  transmitted  matches 
the  frame-of-day  count  internal  to  the  Simulator  (see  Fig.  3-5  for  details  of 
the  handling  of  error  conditions).  Then  the  rest  of  the  inelastic  part  of  the 
control  burst  is  unpacked  and  stored.  Since  the  number  of  mcssaqes  in  the 
control  burst  is  flexible,  the  message  counts  must  be  determined  and  recorded. 


FOR  RTC 
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Fig.  3-5. 


Flowchart  of  error  chocking  done  on  control  burst  receipt. 
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In  updating  the  data  base  lists  the  first  thing  that  is  done  is  to  delete 
all  assignments  whose  estimated  time  requirement  has  run  out.  All  calls  gener¬ 
ated  by  the  Simulator  have  finite  duration.  In  deleting  an  assignment  all  in¬ 
volved  slots  in  the  assignment  table  are  cleared,  the  appropriate  net  list  "on” 
bits  are  cleared,  and  the  TAC  list  entries  are  zeroed.  After  the  "timeouts" 
are  completed,  all  calls  which  are  being  preempted  by  this  control  burst  are 
deleted. 

Range  update,  initial  ranqe,  and  command  fields  of  the  control  burst  are 
skipped  over.  As  request  responses  are  processed,  all  calling  party  addresses 
are  compared  with  calling  party  addresses  for  requests  beinq  saved  in  the  re¬ 
quest/report  or  retransmit  holding  buffers.  If  a  match  is  found,  that  entry 
is  deleted  from  the  buffer  so  that  a  request  that  has  received  a  response  is 
not  retransmitted. 

Information  about  all-member  nets  assigned  in  this  frame  is  packed  and 
placed  in  the  assignment  list.  If  the  net  is  a  voice  net,  the  duration  is 
converted  from  minutes  to  frames  before  it  is  stored.  If  the  assignment  is  a 
late  entry  to  a  call  already  in  progress,  that  is  also  recorded  in  the  assign¬ 
ment  list.  The  net  list  is  updated  by  setting  the  bit  indicating  the  net  is 
on  the  air. 

Lastly  point-to-point  assignments  are  recorded  in  the  TAC,  net,  and  assign¬ 
ment  lists.  Conference  calls  are  flagged  as  such  in  the  assignment  list.  Checks 
are  made  to  see  if  the  net  is  controlled.  If  so,  all  information  about  the  net 
controller  is  also  updated.  Updating  the  data  base  is  now  complete.  For  a  flow 
diagram  see  Fig.  3-6.  The  structure  of  the  data  in  the  assignment,  TAC,  and 
net  lists  is  shown  in  Appendix  E. 

Initially  the  Call  Simulator  was  resident  in  the  Varian  computer  with  the 
MAC,  and  the  data  base  maintaining  routines  were  part  of  the  MAC,  written  in 
Varian  assembly  language.  Two  avenues  were  available  for  implementing  this 
software  on  the  PDP-11:  brute  force  reprogramming  or  automatic  translation 
of  the  Varian  routines  by  the  DEC  assembler.  The  latter,  automatic  transla¬ 
tion,  was  chosen.  A  special  file  of  DEC  code  was  written  such  that  almost 
every  Varian  instruction  was  specified  by  a  macro  definition  in  PDP-11  assembly 
language.  With  only  slight  modifications,  a  program  written  in  Varian  as¬ 
sembly  language  can  be  assembled  on  the  PDP-11  using  this  special  file.  Thus, 
one  who  closely  inspects  the  assembly  listing  for  some  of  the  system  status 
maintenance  routines  will  find  that  they  appear  most  unusual,  consisting  en¬ 
tirely  of  DEC  macro  directives.' 

d.  Request/Report  Generation  Routines 

When  the  system  status  maintenance  routines  have  completed  acting  upon 
the  new  control  burst,  including  updating  the  Simulator’s  copy  of  the  mac's 
data  base,  then  the  current  frarr  s  reports  and  requests  are  generated.  This 
generation  process,  shown  as  a  single  block  in  Fig.  3-4,  is  indicated  in 
somewhat  more  detail  in  Fig.  3-7,  and  the  procedure  for  specifying  individual 
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Fig .  3-6.  Flowchart  of  Call  Simulator 
routines  for  updating  data  base. 
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request  parameters  is  further  described  in  Fig.  3-8.  A  narrative  of  each 
flowchart  is  presented,  following  the  charts  from  the  top  down.  Note  that 
these  flowcharts  are  implemented  primarily  in  FORTRAN,  with  calls  to  a  few 
assembly  languaqe  subroutines. 

Refer  to  the  top  of  Fig.  3-7.  At  the  beginning  of  a  new  time  frame,  the 
Simulator  must  cycle  forward  by  one  position  in  the  request/report  and  retransmit 
holding  buffers.  In  short,  the  buffer  which  corresponded  to  "frame  +  1” 
becomes  the  "current  frame"  buffer.  I’sagc  of  the  buffers  "circulates"  in  that 
upon  finishing  using  the  bottom  buffer  position,  the  Simulator  goes  back  and 
reuses  the  top  position.  This  action  will  happen  for  the  retransmit  holding 
buffers  in  the  next  frame,  with  the  system  in  the  state  shown  in  Fig.  3-1. 

Next,  the  five  retransmit  holding  buffers  are  searched  for  requests  from  parties 
whose  subscriber  units  are  about  to  have  (dedicated)  report  accesses  durinq  the 
next  three  frames.  When  such  a  request  i:  found  (and  if  the  report  slot  has 
not  already  been  occupied  by  another  request  from  that  same  terminal),  it  is 
allowed  to  anticipate  the  contention-free  opportunity,  and  is  moved  from  the 
retransmit  holding  buffer  to  the  appropriate  position  in  one  of  the  request/ 
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Fig.  3-8.  Request  parameter  generation  routines. 
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r. •;  i’i  t  holding  buffers.  At  this  point,  the  only  elements  occupying  the  current 
f rime's  request /report  holding  buffer  arc  requests  which  are  to  piggyback  with 
the  reports.  The  Simulator  now  accumulates  the  report  information  for  each 
active  terminal  possessing  a  report  slot  in  the  current  frame,  and  merges 
(overwrites)  that  information  into  the  current  frame  renuest/repor t  holding 
buffer  along  with  any  requests  larcady  there.  This  completes  the  composition 
and  formatting  of  the  current  frame's  request/report  holding  buffer.  The 
reports  (with  piggyback  requests,  possibly),  however,  remain  in  that  buffer,  to 
be  actually  transferred  to  the  output  buffer  later.  Next,  all  request  schf  ti  lled 
for  retransmission  in  the  current  frame's  shared  request/report  subslots  are 
copied  from  the  current  frame's  retransmit  holding  buffer  to  the  output  buffer. 
There  is  aqain  a  likelihood  that  these  requests  will  suffer  contention,  so  each 
one  is  placed  back  into  a  randomly  chosen  retransmit  holding  buffer,  provided 
the  chosen  buffer  is  not  saturated.  Requests  which  cannot  he  held  are  lost 
from  the  retransmission  scheme,  but  a  count  of  these  undesirable  events  is 
maintained.  The  new  request  generation  process  now  commences,  on  a  net -by-net 
basis,  starting  with  the  first  net  in  the  net  list  of  the  data  base.  For  a 
given  net,  there  is  no  need  to  generate  another  request  in  the  current  frame 
if  either  the  specified  mean  call  rate  for  the  net  is  zero  or  the  (pseudorandom) 
Poisson  event  generator  does  not  happen  to  signal  another  request  occurrence. 
Note  that  it  is  possible  to  have  multiple  events  (requests)  from  a  net  in  a 
single  frame.  When  the  Simulator  finishes  generating  new  requests  from  the 
last  net  in  the  net  list,  it  copies  the  current  frame's  reports  to  the  output 
buffer,  and  waits  for  the  interrupt  to  coordinate  data  transfer  to  the  MAC. 

Each  time  the  Poisson  event  generator  signals  need  for  a  new  request,  the  Simu¬ 
lator  generates  a  full  set  of  pseudorandom  request  parameters,  consistent  with 
the  present  state  of  the  system  and  net.  That  parameter  generation  process  is 
more  fully  described  in  later  references  to  flowchart  3-8.  The  "finite  popula¬ 
tion  effects"  refers  to  the  fact  that  alroady-busy  users  make  no  new  requests. 

If  the  randomly  chosen  callinq  party  is  shown  as  active  in  the  net  list,  the 
Simulator  simply  terminates  generation  of  that  request.  The  rest  of  flowchart 
3-7  is  almost  self-explanatory.  It  has  already  been  described  in  fair  detail 
in  Section  III. A. 4. a. 

Refer  to  Fig.  3-8,  which  describes  the  request  parameter  generation  pro¬ 
cess.  The  acronyms,  with  the  exception  of  RAND,  refer  to  individual  request 
parameters  and  are  defined  in  Tabic  3-1.  RAND  refers  to  the  output  of  a  uni¬ 
formly  distributed  random  number  function  (range:  0.0  to  1.0)  named  RAN,  and 
provided  by  Digital  Equipment  Corporation,  along  with  their  RT-11  operating 
system  version  of  FORTRAN.  The  notation:  parameter  =  f (RAND) ,  indicates  a 
parameter  which  is  pseudorandomly  chosen,  constrained  to  fall  within  an  ap¬ 
propriate  range.  For  example  the  calling  party  is  extracted  from  the  net 
list  using  a  pointer  uniformly  distributed  in  the  range  | 1 ,  N ]  where  N  is  the 
number  of  net  members.  The  "random  switches"  are  also  controlled,  for  each 
passage  through  the  switch,  by  the  output  of  the  function  RAN.  Note  that  if 
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the  random  number  function  is  initialized  using  the  same  "seed"  and  if  the 
scenario  and  specified  call  statistics  are  the  same  for  two  simulation  runs, 
then  the  runs  will  be  idential,  down  to  the  last  request  parameter.  This 
reproducibility  for  pseudorandom  runs  proved  invaluable  during  Call  Simulator 
and  MAC  software  debugging  and  validation.  The  symmetric  flowchart  structure 
at  the  bottom  of  the  branch  for  point-to-point  nets  describes  the  algorithm 
which  ensures  that  the  called  party  in  a  conference  call  request  is  not 
already  a  participant  in  the  call.  In  the  case  of  a  controlled  net,  which 
can  support  only  one  call  at  a  time,  the  determination  is  comparatively  easy; 
if  the  potential  called  party  is  busy  at  all,  he  is  participating  in  the  old 
call . 

C.  Conclusion 

In  retrospect,  there  are  significant  ramifications  of  having  developed 
our  class  of  Call  Simulator.  First,  upon  becoming  operational  the  Simulator 
saw  an  even  greater  level  of  usage  than  was  anticipated,  and  proved  itself  to 
be  an  exceedingly  flexible  debug/test/demonstration  tool.  Second,  implementa¬ 
tion  of  the  Simulator  on  a  machine  separate  from  the  MAC  required  that  the 
second  machine  maintain  an  up-to-date  (in  real  time)  copy  of  the  MAC'S  data 
base.  An  alternate  or  back-up  Multiple  Access  Controller  would  be  subject  to 
a  similar  requirement.  Thus  the  successful  implementation  of  the  DEC  Call 
Simulator  has  demonstrated  the  feasibility  of  having  a  "hot  stand-by"  MAC  with 
a  minimal  expenditure  of  system  overhead.  The  alternate  MAC  would  merely  need 
to  monitor  the  system  control  overhead  transmissions  (control  and  request/report 
subslots) . 


This  report  section  describes  the  System  Oj  rator's  Console  functions  and 
their  implementation.  Section  IV. B  describes  the  character istics  of  the 
Tntecolor  8051  terminal  used  for  the  Operator's  Console.  Section  IV. C  sum¬ 
marizes  the  design  philosophy  of  the  console  software.  Section  IV. D  provides 
a  detailed  description  of  the  display  package  and  the  operator  commands.  Sec¬ 
tions  IV.E-IV.U  provide  a  more  detailed  description  of  the  display  software. 

B.  The  Intecolor  8051  Intelligent  Tt^rminal 

A  color  CRT  was  selected  for  the  System  Operator's  Console  for  a  number 
of  reasons.  rirst,  sufficient  advances  in  color  technology  have  been  made 
such  that  reasonably  priced  units  are  available.  Second,  color  graphics  offers 
significant  advantages  over  the  traditional  black  and  white  displays:  Color 
allows  emphasis  of  critical  message  content,  more  attractive  and  comprehensible 
message  presentation,  and  reduced  operator  fatigue  when  monitoring  the  display. 
These  benefits  were  evidenced  in  the  very  active  use  of  the  display  terminal 
during  the  later  stages  of  the  development  cycle  of  TACS . 

The  Intecolor  8051  terminal  is  a  low-cost,  intelligent,  RAM-refreshed, 
eiqht-color  (including  black  and  white)  CRT.  The  terminal  contains  a  programmable 
Intel  8080  CPV  and  up  to  20K  bytes  of  user  RAM.  A  pair  of  mini-floppy  diskettes 
handled  by  a  manufacturer-provided  disk  operating  system  allows  reasonable  flex¬ 
ibility  in  program  development.  A  standard  RS-232  port  is  provided  which  serves 
as  the  interface  to  the  Varian  minicomputer.  Alternatively,  a  printer  may  be 
attached  to  this  port. 

The  terminal  has  a  19-in.  CRT  and  a  48-line  by  80-character  alphanumeric 
display  capability.  The  graphics  mode  allows  points,  vectors,  and  bars  to  be 
generated.  The  graphics  resolution  is  160  x  192  units.  Color  may  be  selected 
for  cither  the  foreground  or  the  background  in  all  plotting  and  character  display 
modes . 

The  terminal  supports  programming  in  BASIC  with  an  interpreter  and  Intel 
8080  assembly  language  with  choice  of  a  disk  or  a  ROM  assembler. 

C.  Software  Design  Philosophy 

The  System  Operator's  Console  provides  the  Multiple  Access  Controller  with 
a  system  status  display  facility  as  well  as  an  operator  command  capability.  Be¬ 
cause  the  terminal  is  an  intelligent  one,  display-oriented  processing  of  the 
appropriate  section  of  the  MAC  data  base  is  done  by  the  terminal,  thus  distri¬ 
buting  the  total  processing  load.  For  that  reason,  a  significant  part  of  the 
Multiple  Access  Controller  data  base  (the  "system  status  information")  is  trans- 
‘ •  rr'd  to  the  Tntecolor  8051  terminal  every  frame.  The  Intecolor  terminal  then 
:■  '■  .  1  u  the  data  to  a  form  appropriate  for  display.  All  of  the  requisite  data 

:  .1  it  inns  arc  done  in  real  time  by  the  terminal  so  as  to  provide  a  responsive 
■■  t .  m  . 
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The  program  in  the  Intecolor  8051  was  designed  for  simplicity  of  use  by 
the  system  operator  and  for  maximum  efficiency  and  reliability  in  providing 
both  a  selection  of  displays,  a  command  mode,  and  the  capability  of  dynamically 
changing  between  them.  The  program  occupies  12K  bytes  of  RAM,  approximately 
60%  of  the  total  amount  of  RAM  space  available  in  the  Intecolor  terminal. 

1.  Interface  to  the  Multiple  Access  Controller 

The  Multiple  Access  Controller  is  synchronized  to  a  time  frame  of  approxi¬ 
mately  2  s.  Thus,  every  2  s,  new  circuit  assignments  may  be  made  and  old  ones 
terminated.  In  order  for  the  System  Operator’s  Console  to  accurately  and  use¬ 
fully  depict  the  status  of  the  MAC,  it  must  receive  data  from  the  MAC  each 
frame.  The  data  transferred  consists  principally  of  the  MAC  assignment  list 
(a  list  of  all  time  slots  in  all  frequency  channels  with  data  regarding  the 
disposition  of  each  slot) ,  the  request  queue  and  various  other  data  including 
frame  count. 

As  no  DMA  capability  is  available  within  the  Intecolor  terminal,  program¬ 
med  input/output  was  the  means  by  which  the  data  transfer  to  and  from  the 
Varian  minicomputer  was  accomplished.  Further,  as  the  interrupts  from  the 
RS-232  interface  are  serviced  by  the  CRT  software,  the  data  could  not  be  re¬ 
ceived  on  an  interrupt  basis.  Thus,  the  program  was  written  to  perform  a 
display  cycle  and  then  to  proceed  to  a  wait  loop  until  the  next  burst  of  data 
is  sent  by  the  MAC  computer. 

2.  Choice  of  Programming  Language 

Because  of  the  non-interrupt  nature  of  the  data  transfer  and  also  because 
of  the  desirability  of  presenting  up-to-date  and  consistent  displays,  it  was 
important  that  all  display  processing  finish  within  the  two  second  frame.  For 
this  reason,  the  BASIC  interpreter  was  discarded  as  a  possibility  for  the  display 
program  despite  the  inherent  desirability  of  programming  in  a  higher  level 
language.  The  programming  was  therefore  done  in  Intel  8083  assembly  language. 

Due  to  the  size  of  the  program,  the  source  code  development  was  not  done  on  the 
Intecolor  8051  but  on  the  Lincoln  Laboratory  central  computing  facility,  an 
IBM  370/168  computer.  The  machine  code  was  then  downloaded  to  the  terminal. 

3.  Program  Structure  Considerations 

The  Operator's  Console  display  program  was  designed  to  function  in  such  a 
way  that  the  operator  can  dynamically  change  the  display  or  enter  the  command 
mode.  In  order  to  assure  quick  response  time,  the  entire  package  of  displays 
and  commands  was  written  as  a  single  program  so  that  disk  ,v  .  ,.ses  would  not 
be  necessary .  Sufficient  RAM  space  was  available  for  the  entire  package;  the 
program  structure  was  therefore  straightforward. 
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In  order  to  achieve  maximum  flexibility,  the  displays  were  designed  to  be 
interruptible  by  the  operator  at  any  moment.  Because  of  this  requirement  and 
the  desirability  of  continuously  updating  the  display,  polling  of  the  Intecolor 
keyboard  is  done,  once  per  frame.  This  polling  is  made  possible  by  the  use  of 
an  operating  system  utility  routine.  The  operator  must  therefore  depress  the 
"attention  key"  for  a  maximum  of  one  frame  (2  s)  before  the  display  program 
recognizes  the  operator's  signal. 

Once  the  operator  has  chosen  a  display,  it  is  desirable  to  have  the  selected 
display  appear  on  the  CRT  screen  with  minimum  delay.  The  program  therefore 
does  not  wait  for  the  next  burst  of  data  from  the  MAC;  rather  it  immediately 
proceeds  to  the  prescribed  display  generation  code.  As  a  result,  the  response 
time  of  the  terminal  between  displays  is  vrrtually  immediate. 

D.  TACS  Display  and  Command  Package 

Six  displays  and  a  command  mode  have  been  implemented  for  the  System 
Operator's  Console.  The  displays  consist  of  a  frame  structure  display ,  a 
request  queue  display,  system  statistics,  details  on  an  individual  time  slot 
assignment,  and  bar  graphs  of  satellite  capacity  utilization  and  of  the  precedence 
distribution  of  assigned  slots.  In  addition,  the  command  mode  offers  the 
operator  three  capabilities;  deletion  of  a  frequency  channel  from  the  demand 
assignment  pool,  addition  of  a  channel  to  that  pool,  and  the  preemption  of  any 
single  assignment. 

TACS  has  been  developed  to  support  two  frame  structures,  with  frames 
consisting  of  either  five  or,  for  greater  efficiency,  nine  slots.  The  System 
Operator's  Console  program  is  capable  of  generating  displays  for  either 
frame  format.  At  system  startup  time,  the  operator  must  specify  which  frame 
structure  is  in  use. 

Once  the  operator  has  entered  the  number  of  slots  per  frame,  the  program 
waits  for  a  burst  of  system  status  data  from  the  MAC.  After  receipt  of  a  com¬ 
plete  data  burst,  the  frame  structure  display  will  appear.  This  display  provides 
an  overview  of  the  current  allocation  of  satellite  resources  and  is  dynamically 
updated  each  frame.  The  operator  may,  however,  wish  to  view  another  display  or 
to  enter  the  command  mode.  In  order  to  change  modes,  the  (attention)  key 

must  be  depressed  for  no  more  than  2  s  until  the  "menu"  appears  on  the  screen. 

The  display  menu  enumerates  all  of  the  Operator’s  Console  displays.  To  select 
a  display  or  to  enter  the  command  mode,  the  operator  must  enter  a  digit  between 
1  and  7.  The  selected  display  will  then  appear  on  the  screen.  Figure  4-2  depicts 
the  menu  format. 

In  the  following  sections,  each  of  the  TACS  displays  and  the  command  mode 
are  discussed.  More  detail  regarding  the  programming  of  each  is  found  in 
Sections  IV.E-IV.H. 
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TACY  DISPLAY  SYSHM 

SELECT  LUMMANL  UK  DISPLAY 
ll)  FRAME  StRUCIURl 

Fig.  4-2.  Display  menu. 

l2l  REJUtSI  queue 

(3)  SYSTEM  STATISTICS 

|4|  DETAILED  SLOT  DA  I A 

(5)  SATELLITE  CAPACITY  UTILIZATION 

If.)  PRECEDENCE  DISTRIBUTION 

(7)  COMMAND  MODE 

1.  Frame  Structure  Display 

This  display  is  a  grid  composed  of  boxes  for  each  time  slot  in  each 
frequency  channel.  Figure  4-3  shows  an  example  of  this  display  for  the  nine- 
slot  frame.  The  utilization  of  each  slot  is  recorded  within  the  appropriate 
box.  If  no  call  has  been  assigned  to  the  slot,  it  remains  blank.  If  the  slot 
is  being  used  for  system  overhead,  that  is,  for  request/report  subslots  or  con¬ 
trol  and  ranging  subslots,  the  slot  is  marked  accordingly. 

If  a  slot  contains  a  circuit  assignment,  the  block  will  have  its  background 
color  set  to  correspond  to  the  precedence  level  of  the  assignment.  As  TACS 
honors  calls  of  five  precedence  levels,  five  of  the  eight  CRT  colors  are  used  to 
indicate  the  assignment  precedence.  The  most  eye-catching  colors  are  assigned 
to  the  higher  precedence  assignments.  Within  the  block,  three  lines  of  ASCII 
data  are  recorded.  The  first  line  expresses  the  precedence  explicitly.  The 
second  line  contains  the  net  address;  the  third  line  displays  the  calling  and 
called  TAC  unit  addresses  if  the  call  is  from  a  point-to-point  net.  For  an  all¬ 
member  net,  the  third  line  is  left  blank. 

The  display  is  updated  dynamically  each  frame.  Therefore,  now  entries  are 
continuously  added  and  old  entries  deleted  to  reflect  the  MAC'S  circuit  assign¬ 
ments  and  terminations.  Further,  at  times,  calls  must  bo  preempted  if  higher 
precedence  calls  require  resources  which  are  used  by  lower  precedence  calls. 
Preemption  can  occur  for  a  variety  of  reasons;  for  example,  if  satellite  capa¬ 
city  is  not  available  or  if  an  I/O  port  is  called  by  a  party  with  a  message  of 
higher  precedence  than  the  call  currently  in  service.  When  an  assignment  is  pre¬ 
empted,  tin'  correspondincr  block  in  the  frame  structure  grid  is  colored  rod ,  and 
"PRF.F.MPT"  flashes  within  the  block,  thus  calling  the  operator's  attention  to  the 
event  . 

The  operator  also  has  the  ability  to  remove  channels  from  the  demand 
assignment  pool .  When  a  channel  has  been  r ('moved ,  no  subseouent  assignments 
will  appear  in  that  channel  and  all  circuits  occupying  it  will  be  preempted.  As 
a  confirmation  that  the  channel  has  indeed  been  removed  from  the  pool,  a  red 
asterisk  is  plated  next  to  the  channel  number  on  the  left  side'  of  the  disjlay. 
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2. 


Request  Queue  Display 


The  Request  Queue  display  shows  the  contents  of  the  Multiple  Access  Control¬ 
ler  request  queue  each  frame.  The  MAC  request  queue  contains  all  currently  pend¬ 
ing  subscriber  unit  circuit  requests.  By  providing  a  dynamic  view  of  these 
requests,  the  display  package  permits  the  operator  at  the  TACS  Central  Control 
Facility  to  monitor  the  performance  of  the  system  -  particularly  as  regards  the 
number  and  type  of  request  blockages  occurring. 

The  screen  shows  an  ASCII  representation  of  a  selected  subset  of  request 
parameters  as  well  as  the  number  of  frames  the  request  has  been  in  queue  and 
the  disposition  of  each  request  as  of  the  current  frame.  It  should  be  noted 
that  the  queue  includes  both  newly  arrived  and  previously  held  over  requests. 

For  all  cases,  information  regarding  the  type  of  call  and  the  calling  party's 
net  and  TAC  address  is  displayed. 

Figure  4-4  shows  the  format  of  the  display  and  an  example  of  the  MAC  queue 
contents.  In  the  first  column  is  the  call  precedence,  which  ranges  from  1  to  5. 
The  queue  is  sorted  by  precedence;  therefore,  the  lowest  numbered  (highest 
priority)  requests  are  listed  first.  Next  are  the  net  address  and  the  calling 
party's  TAC  address.  Following  is  the  type  of  circuit  requested:  two-way  or 
broadcast.  The  number  of  request  attempts  is  then  indicated.  Requests  by  sub¬ 
scriber  units  are  made  by  randomly  selecting  a  request/report  subslot  and  ther 
broadcasting  the  request.  If  two  units  simultaneously  broadcast  a  request  in 
the  same  subslot,  neither  will  arrive  at  the  MAC  due  to  RF  interference.  Conse¬ 
quently,  the  subscriber  units  are  programmed  to  retransmit  requests  periodically 
if  no  response  has  been  received.  The  number  of  request  attempts  is  a  count  of 
the  number  of  transmissions  required  before  the  request  reaches  the  MAC  and 
provides  a  measure  of  the  amount  of  contention  for  the  random  access  request/ 
report  subslots. 

"Frames  in  queue"  reflects  the  number  of  frames  that  the  request  has  so  far 
remained  in  the  MAC  queue  pending  final  action.  In  the  last  column,  the  action 
taken  on  the  request  is  shown.  That  action  may  consist  of  an  assignment;  in 
that  case,  the  assignment  will  be  cither  be  a  point-to-point  or  an  all -member 
assignment,  depending  on  the  type  of  net  requesting  service.  The  action  taken 
may  also  consist  of  a  blockage;  in  that  case  the  message  shown  will  correspond 
to  the  call  proqrcss  message  displayed  on  the  calling  party's  TIC.  Figure  4-4 
shows  the  case  of  a  request  that  has  been  blocked  due  to  "terminal  busy"  cond i - 
tions.  Requests  that  will  be  held  over  in  queue  are  flagged  as  "left  in  queue" 
in  the  action  column. 

The  request  queue  display  is  updated  each  frame,  and  observation  of  the 
display  by  a  system  operator  provides  useful  information  about  the  current 
blockage  rate  and  types.  Tf  the  system  is  overloaded,  the  operator  mav  see  the 
queue  become  saturated,  changing  from  a  few  requests  per  frame  to  ]  o  —  ;>  n  or  more. 
As  the  Intecolor  screen  can  hold  only  20  queue  elements  comfortably,  quern 
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entries  beyond  the  twentieth  do  not  appear.  As  queues  of  that  length  are 
indicative  of  system  saturation,  no  attempt  was  made  to  extend  the  display. 

The  queue  is  primarily  lettered  in  yellow  on  a  black  background.  The  head¬ 
ing  information  is  depicted  in  white. 

3.  System  Statistics  Display 

The  System  Statistics  display  summarizes  the  current  state  of  the  TAC  system. 
Data  are  presented  that  provide  an  overview  of  the  activity  taking  place  within 
the  Multiple  Access  Controller  during  the  current  frame.  Data  regarding  the 
number  and  kinds  of  circuits  assigned,  the  processing  of  requests,  the  link 
quality  for  assigned  circuits,  and  the  types  of  blockage  encountered  by  requests 
processed  during  the  current  frame  are  presented.  The  display  is  updated  each 
f  rame . 

Figure  4-5  shows  an  example  of  the  System  Statistics  display.  In  the  upper 
left  box,  system  performance  data  are  recorded.  The  current  percentage  of 
satellite  capacity  utilized  is  listed.  That  calculation  is  done  for  the  current 
frame  only.  It  reflects  the  capacity  occupied  by  both  user  data  circuits  and 
the  overhead  required  for  system  management.  The  number  and  types  of  calls  in 
service  are  listed  next.  If  the  calls  require  multiple  slots,  as  they  do  when 
link  quality  is  suboptimal,  a  single  call  may  represent  the  utilization  of 
more  than  one  time  slot.  The  average  wait  time  for  a  call  assigned  by  the  MAC 
during  this  frame  is  shown  next.  This  quantity  reflects  the  amount  of  time 
spent  waiting  in  the  MAC  queue  for  final  action,  the  amount  of  time  spent  in 
retransmission  of  the  request  and  a  4-  to  6-s  minimum  for  routing  of  system 
data. 

The  upper  right  box  summarizes  the  preemptions  and  the  dispositions  of 
the  requests  in  the  MAC's  queue  for  the  current  frame.  First,  the  number  of 
assignments  preempted  as  a  result  of  servicing  this  frame's  requests  is  listed. 
Next  is  the  number  of  requests  in  the  MAC'S  queue  at  the  start  of  the  frame. 

Their  disposition  is  displayed  in  three  categories:  assignment,  blockage,  and 
waiting  in  queue. 

In  the  lower  right  box,  more  detail  is  presented  regarding  call  blockage. 

The  number  of  blockages  of  each  of  the  following  types  is  listed:  terminal 
busy,  satellite  busy,  terminal  off,  insufficient  link,  net  inactive,  net  already 
active,  and  invalid  request. 

The  lower  left  box  of  the  display  gives  an  overview  of  the  link  quality 
of  the  active  subscriber  community.  First  listed  is  the  number  of  calls 
blocked  this  frame  due  to  link  quality  so  poor  that  the  circuit  could  not  be 
assigned.  Next  is  a  summary  of  the  link  qualities  of  the  currently  assigned 
circuits.  For  example,  for  the  five-slot  frame  structure  case  an  excellent  link 
entry  indicates  that  the  circuit  is  functioning  at  a  burst  rate  of  19.2  ksps 
with  a  code  rate  of  3/4.  The  "good"  links  are  transmitting  and  receiving  at 
a  burst  rate  of  19.2  ksps  and  a  code  rate  of  1/2;  the  "fair"  links  are  using 
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a  burst  rate  of  9.6  ksps  and  a  code  rate  of  1/2. 

The  use  of  color  in  this  display  is  primarily  to  highlight  the  data  and 
to  outline  the  blocks  in  such  a  way  that  the  operator  can  absorb  the  large 
amount  of  data  presented.  The  background  is  dark  blue,  and  the  lettering  is  in 
a  lighter  color.  The  numbers  are  in  white,  which  provides  maximum  contrast. 

4.  Detailed  Slot  Data  Display 

This  display  allows  the  system  operator  to  view  all  of  the  data  maintained 
by  the  Multiple  Access  Controller  for  a  given  time  slot  in  a  given  frequency 
channel.  When  this  display  is  selected,  the  operator  is  requested  to  input 
the  channel  and  slot  number  of  interest.  That  prompting  sequence  is  shown  in 
Fig.  4-6.  Once  these  values  have  been  obtained,  the  characteristics  of  any  call 
occupying  the  specified  slot  are  displayed  as  shown  in  Fig.  4-7.  Four  categories 
of  data  are  presented:  type  of  call,  addresses,  frame  counts,  and  rates. 

If  the  slot  contains  a  circuit  assignment,  all  four  of  the  boxes  are 
filled  with  data  describing  the  nature  of  the  call  assigned  to  that  slot.  If 
the  slot  is  not  occupied,  a  single  message,  "slot  available,"  is  displayed  in 
the  box  labelled  "type  of  call."  If  the  slot  is  being  used  for  system  overhead, 
the  type  of  overhead  is  identified  -  e.q.,  "control  slot."  If  a  call  has  just 
been  preempted,  "preempted"  appears  in  red  as  the  sole  entry  in  the  "type  of 
call"  box.  The  display  is  updated  each  frame;  therefore,  a  slot  that  is 
vacated  and  subsequently  reassigned  will  pass  through  a  number  of  states  within 
a  few  frames. 

Figure  4-7  is  an  example  of  the  detailed  slot  data  display  for  a  point-to- 
point  call  occupying  channel  1,  slot  2.  Under  "type  of  call,"  it  may  be  seen 
that  the  call  precedence  is  1,  that  the  call  occupies  a  single  slot,  that  it 
is  a  two-way  call  (as  opposed  to  a  broadcast  one) ,  and  that  a  point-to-point 
net  is  on  the  air.  If  this  were  a  conference  call,  an  additional  line  ("confer¬ 
ence  call")  would  appear  in  this  box. 

The  addresses  of  the  parties  to  the  call  and  the  net  address  are  provided 
in  the  upper  right  box.  In  the  lower  left  box  are  the  frame  counts.  The  MAC 
requires  an  estimate  of  call  duration  when  the  call  is  placed.  If  the  duration 
is  other  than  indefinite,  the  call  will  be  terminated  after  the  specified  num¬ 
ber  of  frames.  This  section  of  the  display  provides  the  data  regarding  the 
remaining  duration  of  the  call.  Next  is  the  current  frame-of-day  count  from 
the  MAC.  Finally,  the  MAC  frame-of-day  count  when  the  circuit  was  assigned  is 
shown . 

In  the  lower  right  box  are  the  burst  and  code  rates  for  the  circuit.  For 
the  five-slot  frame  (of  which  this  display  is  an  illustration),  the  nominal 
burst  rate  is  19.2  ksps  and  the  code  rate  is  3/4.  In  the  case  of  degradations  in 
link  quality,  the  burst  rate  may  decline  to  9.6  ksps  and  the  code  rate  to  1/2. 
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The  display  is  shown  on  a  black  background  as  it  offers  maximum  constrast 
with  the  majority  of  the  colors  available  on  the  terminal.  The  colors  used  for 
lettering  and  numbers  are  primarily  green,  white,  and  yellow,  those  which  are 
easiest  to  read  on  a  black  background. 

5.  Satellite  Capacity  Utilization  Display 

The  satellite  capacity  utilization  bar  graph  shows  the  current  percentage 
of  satellite  transponder  capacity  in  use  by  the  TACS  system.  The  bar  graph  is 
generated  each  frame  and  gives  an  overall  picture  of  the  extent  and  way  in  which 
satellite  resources  are  managed  by  the  MAC. 

The  data  are  first  presented  for  each  of  the  nine  frequency  channels 
potentially  managed  by  the  MAC.  The  amount  of  capacity  in  use,  which  is 
quantized  by  slots,  is  shown  for  both  system  overhead  (signalling,  or  orderwire) 
and  user  data  circuits.  The  signalling  data  bars  are  in  light  blue  and  as  a 
rule  change  very  little  over  time.  The  user  data  bars  are  yellow;  they  grow 
and  shrink  frequently  as  circuits  are  assigned  and  terminated.  Figure  4-8  shows 
an  example  of  this  bar  graph.  Note  that  the  majority  of  the  system  overhead  is 
derived  from  channels  2  and  8  with  a  smaller  amount  in  channel  3. 

The  total  percentage  of  satellite  capacity  used  is  presented  in  the  bar 
labelled  "total,"  which  is  graphed  in  violet.  That  bar  grows  and  shrinks 
dynamically  but  much  more  slowly  than  the  user  data  bars  and  thereby  provides 
a  reasonably  stable  measure  of  the  consumption  of  satellite  resources  by  the 
TACS  user  community. 

6.  Call  Precedence  Distribution  Display 

The  distribution  of  call  precedence  for  the  currently  assigned  slots  is 
shown  in  this  bar  graph,  which  is  illustrated  in  Fig.  4-9.  Each  precedence  is 
shown  in  a  different  color  on  a  black  background.  The  colors  are  the  same  as 
those  used  in  the  frame  structure  display.  The  bar  graph  is  dynamically  updated 
so  that  the  bars  may  grow  or  shrink  each  frame.  This  display  provides  the 
operator  with  one  measure  of  the  system's  performance.  For  example,  when  the 
system  saturates,  the  percentage  of  precedence  1  assignments  dramatically 
increases . 

7 .  Command  Mode 

When  the  command  mode  is  selected,  the  System  Operator's  Console  prompts 
the  operator  to  enter  a  command.  Three  commands  are  recognized:  the  first 
allows  the  deletion  of  a  frequency  channel  from  the  demand  assignment  pool,  the 
second  allows  the  addition  of  a  channel  to  the  pool,  the  third  preempts  the 
assignment  in  the  time  and  frequency  slot  specified. 

The  Operator  s  Console  performs  validity  checking  on  the  operator  command 
parameters  before  sending  the  command  to  the  MAC.  If  the  program  finds  an 
error  in  the  input,  another  command  is  requested  from  the  operator.  The  "ESCAPE" 
(abbreviated  to  "E"  if  desired)  command  will  cause  the  terminal  to  return  to  the 
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display  menu  for  another  selection.  All  commands  must  be  terminated  by  a 
carriage  return.  Once  a  command  has  been  sent  to  the  MAC,  the  Intecolor  ter¬ 
minal  returns  to  the  frame  structure  display  so  that  the  operator  may  see  the 
effect  of  the  command. 

a.  Deleting  a  frequency  channel  from  the  demand  assignment  pool. 

This  command  is  issued  by  entering  the  following  on  the  Intecolor  keyboard: 

DELETE  n 

where  "n"  is  a  frequency  channel  number  between  1  and  Q.  The  frequency  channel 
number  is  checked  for  validity.  It  must  be  between  1  and  0  and  the  channel  must 
be  currently  in  the  MAC  demand  assignment  pool.  Further,  the  console  checks 
to  see  if  any  slots  in  that  channel  are  being  used  for  control  or  request/ 
report  subslots.  If  so,  the  deletion  is  not  permitted  and  the  operator  is 
informed  of  this  fact. 

This  command  may  be  abbreviated  by  omitting  any  or  all  of  the  letters 
following  the  "D".  This  abbreviation  allows  the  operator  who  is  familiar  with 
the  system  to  enter  the  command  quickly.  Also,  the  blank  between  the  command 
and  the  channel  number  is  optional.  Therefore,  the  most  expeditious  means  of 
entering  a  command  to  delete  channel  3  is  the  following:  D3. 

b.  Adding  a  frequency  channel  to  the  demand  assignment  pool. 

Invoking  this  command  requires  entering 

ADD  n 

on  the  Intecolor  keyboard  where  n  is  the  number  (from  1-9)  of  the  frequency 
channel  to  be  added  to  the  demand  assignment  pool .  Again,  the  channel  number 
is  checked  for  validity.  The  range  of  the  number  as  well  as  the  channel's 
out-of-pool  status  is  checked.  Should  either  check  fail,  the  operator  is  so 
informed,  and  an  additional  command  is  requested. 

As  in  the  case  of  the  deletion  command,  abbreviation  is  permitted.  "A4" 
is  the  shortest  means  of  entering  a  command  to  add  channel  4  while  "ADD  4"  is 
the  longest. 

c.  Preempting  an  assignment. 

The  system  operator  is  empowered  to  preempt  individual  assignments.  To  do 
so,  s/he  must  enter  the  following  at  the  Intecolor  terminal: 

PREEMPT  CH  n  SL  m 

The  issuing  of  the  above  command  with  a  frequency  channel  (1-9)  substitution  for 
n  and  a  slot  number  (0-8  for  the  nine-slot  case,  0-4  for  the  five-slot  case)  for 
m  will  result  in  the  preemption  of  the  assignment  occupying  that  slot.  Validity 
checking  is  done  on  the  data  recicvod.  In  addition,  the  latest  copy  of  the  MAC 
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Fig.  4-10.  System  operator's  console  program  design 


assignment  list  is  checked  to  ensure  that  a  call  is  indeed  occupying  that  slot. 
If  there  is  none,  the  preemption  command  is  not  forwarded  to  the  MAC,  and  the 
operator  is  given  the  opportunity  to  enter  another  command.  If  a  call  does 
occupy  the  specified  slot,  the  net  number  of  the  call  to  be  preempted  is  dis¬ 
played  before  the  terminal  returns  to  the  frame  structure  display. 

As  with  the  channel  deletion  and  addition  commands,  abbreviation  is  permit¬ 
ted.  "P56"  is  sufficient  to  command  the  te-rmination  of  the  call  occupying 
channel  5  and  slot  6  in  a  nine-slot  frame  structure. 

E.  Detailed  Software  Description 

1.  Overall  Program  Design 

The  overall  structure  of  the  System  Operator's  Console  program  is  simple 
and  straightforward,  a  design  which  has  contributed  to  the  program's  reliability 
and  the  ease  of  adding  displays  and  commands  to  the  package.  After  program 
initialization,  data  are  received  from  the  MAC  in  the  Varian  computer.  Once  the 
data  have  been  received,  the  program  goes  on  to  determine  which  display  is 
currently  selected.  That  display  is  then  updated  for  the  current  frame.  Before 
returning  to  receive  the  next  frame's  data  from  the  MAC,  the  program  checks  to 
see  if  the  operator  is  signalling  (depressing  the  "?"  key).  If  so,  the  display 
menu  is  provided  and  the  display/ command  mode  selector  flag  is  changed  according 
to  operator  input.  The  program  then  proceeds  back  to  receive  data  from  the  MAC; 
it  continues  on  in  a  similar  manner  frame  after  frame.  Figure  4-10  illustrates 
this  design  in  flowchart  form. 

2.  Program  Initialization 

At  this  time,  a  number  of  one-time  initialization  operations  are  performed. 
The  most  important  of  these  is  obtaining  input  from  the  operator  as  to  whether 
the  displays  are  to  be  generated  for  the  case  of  a  five-  or  nine-slot  frame. 

The  operator  is  prompted  as,  "NUMBER  OF  SLOTS  =  when  a  "5"  or  a  "9"  is 
received,  the  program  stores  that  information  and  proceeds.  At  this  time,  the 
display/command  selector  flag  is  set  to  one,  selecting  the  frame  structure 
display. 

3.  Receiving  Data  from  the  Multiple  Access  Controller 

Next  and  on  each  cycle,  system  status  data  arc  received  from  the  MAC  in  the 
Varian  minicomputer.  The  data  stream  consists  of  a  pair  of  header  bytes 
(ASCII  '//')  on  which  the  Operator's  Console  synchronizes  itself,  the  MAC 
assignment  list,  MAC  request  queue  information,  the  frame  of  day,  information 
on  ranging/report/request  subslot  activity,  and  a  number  of  spare  bytes.  Be¬ 
cause  the  length  of  the  assignment  list  differs  for  the  five-  and  the  nine- 
slot  case,  the  amount  of  data  received  by  the  Intecolor  terminal  also  differs 
in  those  two  cases.  For  the  nine-slot  case,  758  bytes  arc  received  each  frame; 
while  for  the  five-slot  case,  470  bytes  are  received.  Details  of  the  data 
stream  format  may  be  found  in  Appendices  C  and  E. 


The  data  are  received  by  programmed  input/output.  Therefore,  if  the  program 
is  unable  to  complete  a  cycle  in  time  to  catch  the  header  bytes  from  the  MAC, 
it  must  wait  until  the  next  cycle  in  order  to  update  its  displays.  In  practice, 
the  program  executes  sufficiently  rapidly  that  this  does  not  occur  except  during 
grid  generation  for  the  frame  structure  display,  a  phenomenon  that  only  occurs 
when  the  display  is  first  selected. 

As  the  data  are  received  from  the  Varian  minicomputer,  they  are  stored  into 
RAM  for  the  use  of  the  display  routines.  No  data  are  retained  from  previous 
cycles;  hence  there  is  no  buffering.  Once  all  of  the  data  have  been  received, 
the  program  proceeds  to  update  the  current  display. 

4.  Frame  Structure  Display 

A  flowchart  of  this  program  segment  is  shown  in  Fig.  4-11.  The  following 
sections  discuss  the  structure  laid  out  there. 

a.  Initialization 

On  the  first  cycle  when  this  display  has  been  selected,  the  old  display 
is  erased,  and  the  part  of  the  display  which  will  remain  fixed  is  generated. 

That  is,  the  frame  structure  grid  and  the  labels  are  displayed.  The  grid 
contains  45  (9  channels  by  5  slots)  boxes  for  the  5-slot  case  and  81  (9 
channels  by  9  slots)  for  the  9-slot  case. 

As  there  are  no  general-purpose  graphics  available  for  the  terminal,  the 
grid  generation  is  done  using  the  hardware  graphics  capability  directly,  and 
the  ASCII  labelling  is  done  by  using  simple  low-level  CRT  operating  system 
utilities  which  interpret  either  a  single  character  or  a  string  and  correspond¬ 
ingly  alter  the  RAM  refresh  memory  for  the  CRT.  Details  on  this  procedure  are 
provided  in  Section  IV. F. 

b.  Slot  Usage  Display 

The  slot  usage  code  is  executed  on  every  frame  in  which  the  frame  structure 
display  is  selected.  This  code  cycles  through  the  MAC  assignment  list  and 
enters  data  into  those  slots  which  contain  entries.  Because  it  is  time-consuming 
to  send  display  data  to  each  slot,  the  program  only  updates  the  display  for 
those  slots  which  have  significantly  changed  status  in  the  current  cycle. 

That  is,  if  a  slot  is  assigned  or  newly  relinquished,  the  display  is  updated. 
Otherwise,  the  slot  is  skipped  insofar  as  the  display  hardware  is  concerned. 

Because  this  updating  procedure  is  selective,  the  display  code  must  retain 
the  status  of  every  slot  from  the  last  frame.  For  that  reason,  this  display 
routine  saves  a  shortened  version  of  the  MAC  assignment  list  for  one  frame  in 
RAM  so  that  the  display  may  be  intelligently  updated.  For  assigned  calls,  the 
precedence  is  saved  so  that  the  colored  background,  which  is  coded  by  prece¬ 
dence,  need  not  be  generated  again;  this  precaution  is  necessary  in  order  to 
prevent  the  display  from  flickering  each  frame.  For  slots  used  for  system  over¬ 
head  (signalling),  a  numerical  code  corresponding  to  the  typo  of  overhead  usage 


is  saved. 


As  the  program  cycles  through  the  assignment  list,  the  net  address  field 
of  the  assignment  list  entry  is  first  checked.  Figure  E-l  shows  the  format  of 
a  MAC  assignment  list  block.  If  the  net  address  field  is  non-zero,  this  time 
slot  is  assigned  to  a  net.  If  this  is  the  case,  the  program  proceeds  to  obtain 
the  precedence  of  the  call  occupying  this  slot  on  the  last  cycle.  If  the  two 
precedences  match,  the  background  color  block  generation  is  skipped.  If  they  do 
not  match,  a  block  of  color  is  generated  which  will  serve  as  the  background  for 
the  ASCII  data  concerning  the  call.  The  colors  are  selected  by  precedence  and 
are  assigned  as  follows: 

Precedence _ Color _ 

1  Violet 

2  Green 

3  Yellow 

4  Light  Blue 

5  Dark  Blue 

The  brightest  and  most  eye-catching  colors  are  assigned  to  the  lowest  numbered 
(highest)  precedence  calls.  Red  is  reserved  for  preemptions.  If  no  call  is 
present  in  the  slot  during  this  frame  and  yet  a  call  occupied  the  slot  in  the  last 
frame,  the  background  is  colored  black  so  as  to  erase  the  old  entry  from  the 
screen . 

Once  the  block  of  background  color  has  been  displayed,  the  precedence  is 
displayed  explicitly  in  ASCII  in  the  top  line  of  the  block.  Entries  of  the 
form  "PR=n"  therefore  appear  in  each  slot  which  has  a  circuit  assigned  to  it. 

The  net  address  is  decoded  next  and  displayed  in  the  second  line  of  the  block. 

The  address  appears  as  follows:  NET=nnn. 

For  the  case  of  a  point-to-point  net,  two  further  guantities  are  displayed. 
These  quantities  are  the  calling  and  called  TAC  addresses.  They  are  displayed 
on  the  third  and  final  line  within  the  slot's  block.  If  TAC  005  were  calling 
TAC  124,  the  entry  would  appear  as  005/124.  For  all-member  nets,  this  text  line 
is  not  used. 

If  the  net  address  for  a  given  assignment  list  entry  is  found  to  be  zero 
(i.e.,  if  the  slot  is  not  assigned  to  a  net),  the  low  order  byte  of  the  frame  of 
assignment  field  is  checked.  That  byte  is  used  by  the  MAC  as  a  means  of  trans¬ 
ferring  additional  information  to  the  System  Operator's  Console.  Specifically, 
there  are  special  codes  that  may  be  found  in  this  byte.  They  may  indicate  that 
the  slot  is  available  for  assignment,  that  it  is  in  use  for  system  overhead, 
that  the  channel  in  question  has  been  removed  from  the  demand  assignment  pool 
or  that  the  call  occupying  the  slot  has  just  been  preempted.  Figure  E-2  lists 
the  significance  of  each  code. 

If  no  assignment  ispresent  in  a  given  slot,  the  special  codes  arc  checked. 
Except  for  the  case  of  a  slot  out  of  the  demand  assignment  pool,  if  the  code  is 
non-zero,  a  display  must  be  generated  for  that  slot.  For  the  case  of  a  pre- 
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eruption,  the  background  is  colored  red  and  "PREEMPT"  is  written  in  the  middle  of 
the  block  in  flashing  letters.  The  remainder  of  the  codes  generate  either  a 
"CONTROL",  a  "REQUEST"  or  a  "REQ/REP"  ASCII  label  in  yellow  characters  on  a 
black  background. 

If  the  channel  is  out  of  the  demand  assignment  pool  and  this  is  the  first 
frame  since  its  removal,  the  slot  is  blanked  out.  Further,  a  red  asterisk  is 
placed  next  to  the  channel  number  to  provide  positive  confirmation  that  the 
frequency  channel  has  been  removed  from  the  demand  assignment  pool.  If  the 
channel  is  in  the  pool  but  previously  was  removed,  the  asterisk  is  erased. 

When  all  of  the  slots  have  been  processed,  the  cursor  is  hidden  off  the 
screen  so  that  its  presence  will  not  be  distracting  to  the  viewer.  Once  all  of 
these  operations  have  been  done,  the  program  proceeds  to  see  if  the  operator  is 
signalling. 

5.  Request  Queue  Display 

A  flowchart  of  this  function  is  shown  in  Fig.  4-12.  The  following  discus¬ 
sion  provides  more  detail. 

a.  Initialization 

When  the  request  queue  display  is  first  selected,  the  previous  display  is 
erased,  and  the  heading  information  is  placed  at  the  top  of  this  display.  The 
heading  consists  of  a  title,  a  series  of  column  labels,  and  a  line  dividing  the 
column  labels  from  the  column  entries. 

b.  Request  queue  contents  display 

On  each  frame  for  which  this  display  has  been  selected,  the  first  20  re¬ 
quests  of  the  current  Multiple  Access  Controller  queue  are  displayed.  If  more 
than  20  requests  are  in  the  queue,  they  are  not  displayed  as  there  is  neither 
space  for  them  on  the  Intecolor  screen  nor  capacity  reserved  for  such  a  number 
in  the  data  stream  sent  from  the  MAC  to  the  Intecolor  terminal.  In  general,  the 
queue  length  does  not  exceed  a  half  dozen  entries;  therefore,  except  in  cases  of 
unusual  call  rates  and  consequent  congestion,  all  queued  requests  will  be 
shown  on  the  screen. 

Each  queue  entry  consists  of  four  bytes.  Unlike  the  case  of  the  assign¬ 
ment  list,  this  format  represents  a  special  condensation  of  the  MAC  queue 
entry  structure  for  the  purpose  of  transmitting  the  data  efficiently  to  the 
System  Operator's  Console.  Figure  C-5  details  the  format  of  a  condensed  request 
queue  entry. 

The  queue  is  transmitted  to  the  Intecolor  terminal  in  sorted  form.  Requests 
are  ordered  by  precedence  with  the  lower  numbered  precedences  first.  The 
requests  are  also  displayed  in  this  order. 

The  first  request  field  decoded  is  the  precedence  (1-5).  The  ASCII  code 
for  the  number  is  sent  to  the  CRT  screen  software.  The  net  address  and  calling 
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Fig.  4-12.  Request  queue 
display  flowchart. 


TAC  addresses  are  handled  in  a  similar  way.  The  numbers  are  converted  to  BCD 
and  thence  to  ASCII  and  displayed,  this  time  with  three  digits  rather  than  a 
single  one  as  in  the  case  of  precedence.  The  addresses  are  assumed  to  be  in 
the  correct  range.  No  validity  checking  is  done. 

Next  the  broadcast/two-way  bit  is  unpacked.  The  bit  results  in  a  ASCII 
message  corresponding  to  its  setting.  A  zero  denotes  a  broadcast  call  and  a 
one  signifies  a  two-way  call. 

The  number  of  previous  request  attempts  and  the  number  of  frames  in  queue 
are  unpacked  and  displayed  in  a  straightforward  manner.  It  shouid  be  noted 
that  the  number  of  frames  in  queue  will  be  zero  on  the  first  frame  in  which  a 
request  appears. 

The  action  taken  by  the  MAC  on  the  request  is  obtained  from  the  request 
queue  entry  as  a  four-bit  code.  The  code  is  used  to  table  lookup  the  action 
taken.  The  18-character  ASCII  message  corresponding  to  the  action  is  then 
displayed . 

Each  frame,  the  entire  queue  is  shown.  Because  the  length  of  the  queue 
may  grow  and  shrink  dynamically,  lines  after  the  current  end  of  the  queue  must 
be  blanked  in  order  to  erase  any  queue  entries  left  over  from  the  last  frame. 
Rather  than  maintaining  a  count  of  lines  to  be  blanked,  the  program  blanks  all 
lines  past  the  current  end  of  the  queue. 

Once  the  entire  queue  has  been  displayed,  the  cursor  is  hidden  and  the 
program  proceeds  to  check  to  see  whether  the  operator  is  signalling. 

6.  System  Statistics  Display 

A  flowchart  of  this  segment  of  the  display  program  structure  is  shown  in 
Fig.  4-13.  The  means  of  computing  the  statistics  is  explained  below. 

a.  Initialization 

Initializing  this  display  consists  of  erasing  the  old  display,  generating 
the  display  heading,  drawing  the  boyes  in  which  the  data  will  be  entered,  and 
entering  labels.  In  the  title,  the  number  of  slots  per  frame  is  indicated. 
Therefore,  the  program  must  access  the  flag  which  tells  whether  the  five-  or  the 
nine-slot  frame  structure  is  in  use.  The  corresponding  number  is  then 
included  in  the  display  heading. 

b.  Computation  of  System  Statistics 

The  data  are  divided  into  four  categories  for  the  purposes  of  display. 

The  categories  are  system  performance,  blockage,  blockage  types,  and  link 
quality.  The  data  presented  give  an  overview  of  the  current  state  of  the  system 
by  processing  the  data  from  the  MAC  assignment  list  and  request  queue.  All  data 
displayed  are  for  the  current  frame  only. 

"System  performance"  data  displayed  consist  of  the  percentage  of  satellite 
transponder  capacity  in  use,  the  number  and  kinds  of  calls  in  progress  and  the 


average  wait  time  for  response  to  a  request.  The  first  quantities  are  obtained 
by  processing  the  MAC  assignment  list.  The  number  of  slots  currently  in  use  is 
the  simple  sum  of  the  number  of  slots  assigned  to  user  data  circuits  and  the 
number  used  for  system  overhead.  That  number  is  divided  by  the  total  number 
of  slots  available,  which  is  45  for  the  5-slot  frame  and  81  for  the  9-slot  frame. 
The  number  of  calls  in  service  is  a  simple  count  obtained  from  cycling  through 
the  MAC  assignment  list.  As  the  assignment  list  includes  the  called  TAC  address, 
which  is  zero  for  an  all-member  call,  the  Intecolor  terminal  is  able  to  differ¬ 
entiate  between  point-to-point  and  all-member  net  calls.  The  total  point-to- 
point  and  all-member  counts  are  stored  separately  and  displayed  in  the  system 
performance  box  after  conversion  to  BCD  and  ASCII.  The  average  wait  time  for  a 
request  is  obtained  from  operations  on  the  request  queue.  The  number  of  entries 
in  the  request  queue  (that  have  just  received  final  action)  is  first  obtained. 

A  sum  of  those  entries'  times  (in  seconds)  waiting  in  queue  and  retransmitting 
is  then  done.  Dividing  this  sum  by  the  number  of  queue  entries  and  adding  6  s 
gives  the  average  number  of  seconds  wait  time  for  a  request. 

The  "blockage"  data  consist  of  the  number  of  calls  preempted  this  frame 
as  well  as  of  the  number  of  requests  in  queue  and  their  disposition.  The 
number  of  calls  preempted  is  the  sum  of  the  number  of  slots  showing  a  special 
preemption  code  in  the  low-order  byte  of  the  frame  of  assignment  while  all 
other  entries  in  that  assignment  list  entry  were  zero.  The  request  queue 
processing  consists  first  of  counting  action-taken  codes  for  all  queue  entires. 
All  requests  indicated  as  having  received  an  assignment  are  summed.  Those 
still  waiting  in  queue  are  correspondingly  summed.  Those  with  other  codes 
encountered  some  form  of  blockage  and  were  not  assigned;  they  are  also  summed. 

The  results  of  this  processing,  converted  to  ASCII,  are  then  displayed. 

More  detail  is  provided  for  the  calls  that  were  blocked.  This  detail  is 
obtained  by  individually  summing  all  of  the  codes  from  the  request  queue  in¬ 
dicating  each  of  the  following  types  of  blockage:  terminal  busy,  satellite 
busy,  terminal  off,  insufficient  link,  net  inactive,  net  already  active,  and 
invalid  request. 

The  "link  quality"  segment  of  the  display  provides  information  on  the 
quality  of  the  links  of  currently  assigned  circuits  and  those  unsuccessfully 
requesting  circuit  assignments.  The  first  line  shows  the  number  of  calls 
blocked  this  frame  for  insufficient  link  conditions.  This  count  is  the  sum, 
which  also  appears  in  the  "blockage  type"  box,  of  the  requests  which  were 
denied  due  to  adverse  link  quality  for  one  or  more  of  the  request's  parties. 

The  remainder  of  this  segment  of  the  display  summarizes  the  link  qualities  for 
the  assigned  calls.  The  data  are  obtained  from  the  assignment  list.  Running 
summations  of  the  number  of  calls  at  the  different  combinations  of  burst  and 
code  rate  are  maintained. 

As  the  same  data  are  shown  each  frame  for  this  display,  there  are  no  erasure 
considerations.  Leading  zeroes  are  displayed  for  numerical  counts,  thus  simpli- 
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fying  the  updating  of  the  display. 


Once  all  of  the  data  have  been  updated  for  the  current  frame,  the  cursor  is 
hidden  and  the  program  proceeds  to  see  if  the  operator  is  signalling. 

7.  Detailed  Slot  Data  Display 

Figure  4-14  is  a  flowchart  of  the  logic  used  in  implementing  the  detailed 
slot  data  display  function.  Further  discussion  follows. 

a.  Initialization 

At  initialization  time  for  this  display,  the  previous  display  is  erased 
and  the  operator  is  requested  to  enter  the  channel  and  slot  number  for  which 
detailed  data  are  to  be  presented.  The  terminal  blanks  the  screen  and  issues 
the  prompting  message:  "CHANNEL=  The  operator  must  then  enter  the  desired 

channel  number.  The  value  is  checked  for  validity.  If  it  is  not  the  correct 
range  (1-9),  a  message  appears  and  the  number  must  be  entered  again.  Once  an 
acceptable  channel  number  has  been  obtained,  the  terminal  prompts  with  "SLOT=  " 
The  operator  must  then  input  an  acceptable  slot  number.  Once  the  slot  number 
is  obtained,  the  display  of  the  slot  contents  begins. 

Next,  the  heading,  the  boxes  in  which  the  data  are  entered  and  the  labels 
within  the  boxes  are  generated.  The  format  of  these  is  similar  to  that  for 
the  system  statistics  display.  Also,  the  heading  indicates  the  channel  and 
slot  number  of  the  slot  to  be  examined.  These  quantities  are  saved  by  the 
program  in  RAM  for  the  purpose  of  the  labelling  and  for  the  accessing  of  the 
appropriate  part  of  the  MAC  assignment  list. 

b.  Display  of  the  Slot  Contents 

The  appropriate  entry  in  the  MAC  assignment  list  is  accessed.  Locating 
the  entry  is  done  by  a  series  of  two  multiplications.  Normally,  divisions  and 
multiplications  are  avoided  in  order  to  save  time.  Here,  however,  the  remainder 
of  the  processing  and  display  generation  is  relatively  fast;  therefore,  the 
expenditure  of  time  will  not  cause  the  Intecolor  terminal  to  miss  a  system 
status  data  burst  from  the  MAC. 

Once  the  assignment  list  entry  has  been  found,  the  net  address  field  is 
examined.  If  zero,  no  assignment  is  present.  In  that  case,  the  low-order  byte 
of  the  frame  of  assignment  field  is  checked  for  the  presence  of  a  special  code. 
If  that  is  also  zero,  the  program  lists  the  slot  as  available  in  the  "type  of 
call"  box  and  proceeds  to  erase  all  other  entries  in  this  and  the  other  boxes. 

If  the  low-order  byte  of  the  frame  of  assignment  field  shows  a  non-zero 
code,  the  appropriate  message  corresponding  to  that  code  is  displayed.  The 
remainder  of  the  "type  of  call"  box  and  all  of  the  remaining  three  boxes  are 
then  completely  erased.  If  the  code  denotes  a  preemption,  the  message  is 
written  in  red. 

In  order  to  avoid  erasing  entries  repeatedly,  the  status  of  the  slot  on 
the  previous  frame  is  saved.  Before  proceeding  to  erase  the  boxes,  this 
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Fig.  4-14.  Detailed  slot  data  display  flowchart 
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old  status  is  chocked.  If  it  agrees  with  the  current  one,  the  erasutc  lias 
already  been  done  and  is  not  repeated.  Further,  because  of  the  amount  of 
erasure  required,  the  erasure  is  done  by  blanking  the  entire  screen  arid  re¬ 
storing  the  heading,  boxes  and  the  single  line  containing  the  slot  status.  It 
is  therefore  important  that  the  erasure  only  be  done  once;  otherwise,  the  dis¬ 
play  would  flash  on  and  off  at  each  frame. 

If  the  net  address  field  is  found  to  be  non-zero,  a  call  is  occupying  this 
slot.  If  so,  the  first  line  in  the  "type  of  call"  box  is  immediately  erased  in 
the  event  that  a  message  was  already  present  on  that  line. 

The  "type  of  call"  box  is  then  updated  to  display  the  call  precedence,  the 
number  of  slots  used  for  the  circuit,  whether  the  call  is  a  broadcast  or  a  two- 
way  call,  whether  an  all-member  or  point-to-point  not  is  using  the  circuit,  and 
whether  (for  the  point-to-point  case)  it  is  a  conference  call.  All  of  these 
data  are  obtained  from  the  MAC  assignment  list. 

The  call  precedence  is  directly  translatable  to  a  display  format  by  a 
simple  binary-to-ASCII  conversion.  The  number  of  contiguous  slots  for  the 
circuit  in  the  MAC  assignment  list  is  converted  to  ASCII  and  then  displayed. 

The  remaining  quantities  are  displayed  as  ASCII  messages  for  the  convenience 
of  the  operator. 

The  broadcast/two-way  indicator  is  a  single  bit:  If  it  is  zero,  "broad¬ 
cast"  is  written;  while  if  one,  "two  way"  is  written.  Care  is  taken  tc  pad  the 
"two-way"  message  to  the  length  of  the  "broadcast"  one  so  that  when  the  former 
replaces  the  latter  the  extra  characters  are  blanked  out.  The  situation  is 
similar  for  the  all-member  and  the  point-to-point  net  indicator.  The  distinction 
is  made  by  testing  the  value  of  the  called  TAC  address  in  the  assignment  list. 

If  zero,  the  call  is  an  all-member  one.  Again,  care  is  taken  to  pad  the  ASCII 
messages  to  the  same  length  to  avoid  leaving  part  of  the  old  message  on  the  CRT 
screen  when  a  change  of  assignment  occurs  in  this  slot.  If  the  net  is  a  point- 
to-point  one,  the  call  may  be  a  conference  call.  In  that  event,  a  bit  will  be 
set  in  the  assignment  list  entry.  If  this  bit  is  set  and  the  call  is  a 
point-to-point  one,  an  additional  line  will  appear  on  the  display  -  "conference 
call".  If  the  call  is  either  an  all-member  one  or  not  a  conference  call,  the 
line  is  erased. 

The  upper  right  box  of  this  display  (see  Fig.  4-7)  records  the  net  and  TAC 
addresses  of  the  parties  participating  in  the  call.  All  addresses  can  poten¬ 
tially  occupy  three  digits.  Therefore,  for  simplicity  in  displaying  them, 
leading  zeroes  are  displayed.  They  are  obtained  from  the  MAC  assignment  list, 
converted  to  BCD,  and  thence  to  ASCII  for  display  purposes.  The  third  line-  in 
this  box  shows  the  called  ("callee")  TAC  address,  a  quantity  which  is  not 
meaningful  for  all-member  net  assignments.  If  the  called  TAC  field  is  zero  in 
the  MAC  assignment  list,  this  line  is  erased  on  the  screen,  and  only  the  net 
and  caller  TAC  addresses  are  shown. 
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Fig.  4-15.  Satellite  capacity 
utilization  bar  graph  flowchart. 
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Frame  counts  are  displayed  in  the  lower  left  box.  Remaining,  current,  and 
initial  counts  are  displayed.  The  "remaining”  counts  are  obtained  by  subtracting 
from  the  call  duration  the  difference  between  the  current  frame  of  day  and  the 
frame  of  assignment.  The  current  frame  number  is  passed  to  the  Intecolor 
terminal  in  the  data  stream  from  the  MAC.  The  other  quantities,  the  frame  of 
assignment  and  the  call  duration,  are  found  in  the  assignment  list.  All  of 
these  three  quantities  are  displayed  with  five  digits  so  that  the  maximum 
(16-bit)  frame  count  allowable  by  the  MAC  may  be  represented. 

The  remaining  box  in  the  display  shows  the  burst  and  code  rates  for  the 
assignment.  These  quantities  are  encoded  in  the  assignment  list,  and  the 
uncoded  equivalent  is  presented  in  ASCII  in  the  box.  The  codes  and  their 
meanings  are  as  follows: 

burst  rate  code  rate 

code  meaning  code  meaning 


0  -  0  1/2 

1  9600  sps  1  2/3 

2  19200  sps  2  3/4 

3  32000  sps  3  4/5 


Once  the  display  is  complete,  the  cursor  is  hidden  and  the  program  checks  to 
see  if  the  operator  is  signalling. 

8.  Satellite  Capacity  Utilization  Display 

The  flowchart  for  the  satellite  capacity  utilization  bar  graph  program 
segment  is  shown  in  Fig.  4-15.  A  discussion  of  that  program  follows. 

a.  Initialization 

During  the  first  frame  of  this  display,  the  previous  display  is  erased, 
the  background  is  changed  to  dark  blue,  and  the  axes,  tic  marks,  and  key  in¬ 
formation  are  entered  on  the  display. 

b.  Bar  Graph  Generation 

The  data  for  this  bar  graph  are  collected  each  cycle  immediately  after  the 
burst  of  data  is  received  from  the  MAC.  A  subroutine  processes  the  MAC  assign¬ 
ment  list  and  stores  three  types  of  data  in  RAM  for  the  display  routine.  For 
each  channel,  the  subroutine  records  the  number  of  slots  occupied  by  both  user 
data  and  system  overhead  data.  It  then  sums  those  quantities  and  stores  the 
total  number  of  occupied  slots  in  RAM  for  the  display  routine.  This  subroutine 
collects  the  data  in  raw  form.  The  display  routine  then  further  processes 
these  data  so  that  they  are  both  converted  to  a  percentage  and  scaled  appro¬ 
priately  for  display  generation. 

This  bar  graph  consists  of  ten  bars  plotted  upwards  for  the  x-axis.  The 
leftmost  nine  bars  represent  the  percentage  of  the  given  frequency  channel 


currently  in  use.  They  are  graphed  in  two  colors,  light  blue  and  yellow. 

Light  blue  represents  system  overhead  (signalling)  data,  while  yellow  indicates 
user  data.  The  tenth  bar  represents  total  data  and  is  graphed  in  violet.  See 
Fig.  4-8  for  a  sample  display. 

This  graph  is  generated  by  first  plotting  the  system  overhead  data,  by 
then  plotting  the  user  data  and  finally  by  adding  the  total  data.  Due  to  the 

narrowness  of  the  bars  produced  by  the  hardware  implementation  of  the  terminal 

bar  graph  option  and  due  to  color  change  restrictions  which  limit  the  resolution 
to  the  size  of  a  small  ASCII  character,  the  hardware  bar  graph  option  was  not 
used.  Instead,  the  character  generation  mode  is  used,  and  pairs  of  blanks 
are  used  to  form  the  bars.  The  bars  are  generated  by  a  series  of  25  pairs  of 

blanks  as  the  pairs  provide  for  an  appropriate  bar  width.  For  the  area  of  the 

screen  used,  this  subdivision  represents  the  maximum  resolution  possible  in  the 
y  direction  for  updating  in  a  real-time  mode.  The  real-time  aspect  of  the 
graph  generation  adds  a  constraint:  The  bars  must  be  capable  of  dynamically 
growing  and  shrinking.  Thus,  the  program  must  be  able  to  erase  parts  of  bars 
dynamically.  Due  to  the  means  by  which  the  color  generation  is  done,  when  one 
part  of  a  character-sized  block  (which  may  be  sub-addressed  by  the  bar  graph 
mode)  has  its  color  changed  due  to  an  erasure,  the  remainder  of  that  block 
changes  color  also,  thus  limiting  the  resolution  to  that  of  an  ASCII  character. 
Therefore,  the  character  mode  was  used  so  that  colors  may  be  changed  in  a 
straightforward  manner. 

Once  the  bar  color  is  selected  (light  blue,  yellow,  or  violet) ,  the  y 
coordinate,  ymax,  of  the  top  of  the  bar  is  calculated.  This  coordinate  is 
obtained  from  RAM.  These  counts  are  then  multiplied  by  the  appropriate  factor 
to  convert  the  data  simultaneously  to  percent  and  to  the  number  of  blanks 
necessary  to  display  in  order  to  reach  the  desired  ymax  value.  Table  lookup 
is  done  in  place  of  multiplication.  For  the  case  of  system  overhead  data  (which 
is  plotted  first),  ymax  is  saved  so  that  the  user  data  bar  will  begin  at  the 
top  of  the  system  overhead  bar. 

Next,  the  25  pairs  of  blanks  are  displayed,  beginning  at  either  the 
x-axis  or  the  previous  ymax.  Erasure  is  done  by  chanqing  the  color  of  the  blank 
to  the  color  of  the  background  (dark  blue)  when  the  ymax  value  is  reached. 

Bars  are  generated  once  for  the  system  overhead  data  and  once  for  the  user 
data  for  each  of  the  nine  frequency  channels. 

The  last  bar  graphed  is  the  one  reflecting  the  total  usage  of  satellite 
capacity.  As  for  the  others,  the  count  has  been  stored  in  RAM  and  need  only  be 
converted.  The  bar  is  then  drawn  in  a  similar  manner  to  the  others  with  the 
color  changing  to  the  background  color  at  the  appropriate  point. 

Finally,  the  cursor  is  hidden,  and  the  program  jumps  to  the  location  at 
which  operator  signalling  is  polled. 
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9. 


Call  Precedence  Distribution  Display 


Figure  4-16  depicts  the  flowchart  for  this  display  function. 

a.  Initialization 

At  initialization  time  for  this  bar  graph,  the  previous  display  is  erased, 
the  background  color  is  set  to  black  and  the  axes,  tic  marks  and  labels  art- 
generated  . 

b.  Precedence  Distribution  Display 

This  bar  graph  shows  the  current  distribution  of  assigned  slots  by 
precedence.  The  bars  are  color  coded  for  each  of  the  five  call  precedences  in 
the  same  manner  that  colors  are  used  in  the  frame  structure  display.  Like  all 
the  other  displays,  this  one  is  updated  each  frame;  the  bars  grow  and  shrink 
as  the  distribution  of  precedences  changes. 

The  number  of  slots  at  each  call  precedence  is  first  computed.  In  order 
to  accomplish  this,  the  program  cycles  through  the  assignment  list,  examining 
the  call  precedence  field  only.  If  no  call  is  occupying  a  slot  or  if  the  slot 
is  used  for  system  overhead,  the  precedence  bits  will  be  zero.  Therefore,  the 
program  simply  checks  this  field  and  totals  the  number  of  assignment  list  en¬ 
tries  containing  each. 

The  bar  graph  is  generated  next.  Its  means  of  generation  and  scaling 
are  the  same  as  for  the  satellite  capacity  utilization  bar  graph.  The 
principal  differences  are  that  the  individual  bars  arc  in  different  colors  and 
that  no  scheme  of  changing  the  color  part  way  up  the  bar  is  required.  The 
erasure  scheme  remains  the  same;  the  color  is  changed  to  the  background  color 
(in  this  case,  black)  when  the  top  of  the  bar  is  reached.  Twenty-five  pairs 
of  blanks  are  displayed  for  each  bar  as  in  the  previous  case. 

When  done,  as  in  all  displays,  the  cursor  is  hidden,  and  the  program 
branches  to  the  location  at  which  operator  signalling  is  polled. 

10.  Polling  the  Keyboard  for  Operator  Signalling 

By  the  use  of  a  CRT  operating  system  utility,  the  display  program  is  able 
to  poll  the  System  Operator's  Console  keyboard  to  sec  if  the  operator  is  cur¬ 
rently  striking  a  key.  If  s/he  is  not,  the  program  proceeds  back  to  receive 
the  next  burst  of  data  from  the  MAC  minicomputer. 

If  the  operator  is  strikinq  a  key,  the  program  reads  the  value  and  checks 
to  see  if  it  is  a  question  mark,  which  is  the  designated  "attention  key".  The 
question  mark  was  selected  because  it  requires  depressing  the  shift  key  and 
an  additional  key  simultaneously  and  is  therefore  not  likely  to  be  hit 
accidentally.  Further,  the  shift  key  and  the  "?"  key  are  next  to  each  other. 
Therefore,  without  awkwardness,  the  operator  may  hold  down  this  key  until  the 
terminal  responds. 


Fig.  4-16 
tribution 


Call  precedence  di 
bar  graph  flowchart. 


Fig.  4-17.  Keyboard  polling 
flowchart . 


TO  DISPLAY  PROCESSING 


Because  the  polling  of  the  key  strike  is  done  only  once  per  frame,  the 
operator  must  depress  the  key  continuously  until  the  program  reaches  this  section 
of  the  code.  In  actual  operation,  this  usually  occurs  within  a  second  and  is 
therefore  not  a  great  inconvenience  (although  an  interrupt-driven  event  would 
provide  faster  service) . 

If  a  key  was  struck  and  it  is  not  a  question  mark,  the  program  assumes 
the  key  was  struck  accidentally  and  returns  to  receive  input  from  the  MAC.  If 
the  character  is  a  question  mark,  the  display  menu  is  presented  to  the  operator 
(see  Fig.  4-2).  The  operator  should  then  enter  a  number  from  1  to  7.  The  values 
1-6  will  result  in  the  generation  of  the  display  listed  next  to  that  number; 
the  value  7  will  cause  the  terminal  to  enter  the  command  mode. 

The  terminal  checks  the  operator  input.  If  valid,  the  program  proceeds 
immediately  to  the  generation  of  the  requested  display  or  to  the  command  mode. 

Receiving  of  the  data  burst  from  the  MAC  is  deferred  at  this  point  so  as  to 
give  faster  service  to  the  operator.  On  the  next  cycle,  the  program  will 
return  to  the  data  receiving  mode.  If  the  operator  input  is  not  within  the 
acceptable  range  (1-7),  the  operator  must  make  another  selection. 

The  flow  of  this  section  of  the  program  is  shown  in  diagrammatic  form  in 
Fig.  4-17. 

11.  Command  Mode 

When  the  command  mode  is  entered,  the  terminal  expects  input  from  the 
operator.  The  following  commands  are  recognized: 

Command  Shortest  Abbreviation  Permitted 

DELETE  n  Dn 

ADD  n  An 

PREEMPT  CH  n  SL  m  Pnm 

ESCAPE  E 

where  n  is  a  valid  channel  number  (1-9)  and  m  is  a  valid  slot  number  (0-4  or 
0-8,  depending  on  the  frame  structure  is  use).  The  terminal  accepts  a  line  of 
input  from  the  operator.  When  a  carriage  return  has  been  received,  the  program 
parses  the  input  data  stream,  processing  a  maximum  of  18  characters. 

Command  recognition  is  accomplished  through  examination  of  the  first 
character  in  the  input  buffer.  If  it  is  a  "D" ,  "A",  "P" ,  or  an  "E" ,  the 
command  is  recognized  as  valid.  Otherwise,  the  input  is  rejected,  and  the 
operator  must  enter  another  command.  Once  a  command  has  been  recognized,  the 
program  identifies  the  first  two  numbers  in  the  input  buffer.  These  values  are 
used  as  the  channel  and  slot  numbers,  respectively.  If  no  digits  are  found 
or  if  they  are  out  of  the  acceptable  range,  the  operator  is  prompted  again  and 
required  to  reissue  the  command. 

In  addition  to  checking  the  ranges  of  the  input,  validity  checking  of  the 
command  is  performed.  The  Operator's  Console  checks  the  inputs  to  ascertain 

\ 

i 

\ 


103 


whether  the  action  requested  is  permissible.  No  commands  are  sent  to  the  MAC 
unless  they  meet  certain  requirements.  The  requirements  differ  depending  on 
which  command  was  issued. 

For  the  addition  and  deletion  of  channels,  the  assignment  list  is  persued. 
When  attempting  to  delete  a  channel,  the  program  checks  to  be  sure  that  the 
channel  is  in  fact  in  the  demand  assignment  pool.  This  verification  is  done  by 
checking  that  the  special  assignment  list  code  indicating  a  channel's  removal 
from  the  pool  is  not  present  in  any  of  the  slots  in  that  channel.  Next,  the 
program  checks  the  special  codes  to  ensure  that  no  system  overhead  slots  are 
in  the  specified  channel.  The  deletion  of  such  a  channel  would  be  a  disastrous 
event  for  the  MAC  and  is  not  permitted.  If  any  of  these  above  conditions  are 
not  met,  the  operator  command  is  rejected  (with  an  appropriate  message  to  the 
operator) . 

In  the  case  of  channel  addition,  the  special  codes  in  the  assignment  list 
are  checked  to  ensure  that  the  channel  is  indeed  out  of  the  pool.  For  preemption, 
the  net  address  field  is  checked.  If  zero,  indicating  that  no  call  is  occupying 
the  slot,  the  command  is  rejected.  If  non-zero,  the  net  address  is  displayed 
on  the  screen  before  sending  the  command  to  the  MAC  minicomputer. 

Once  the  command  has  been  received,  parsed,  and  checked  for  validity,  the 
ten-byte  command  output  buffer  for  the  MAC  is  prepared.  This  buffer  consists 
of  a  one-byte  command  code  followed  by  the  channel  number  and  (for  the  case  of 
a  preemption  command)  the  slot  number  and  net  address.  Figure  C-6  contains 
details  of  the  system  operator  command  data  format  for  the  MAC.  Both  a  header 
and  a  trailer  byte  are  used  in  transmitting  the  data  to  the  MAC.  These  bytes 
assure  the  MAC  that  it  has  received  the  entire  command  burst  from  the  Intecolor 
terminal  before  proceeding  to  process  it.  This  is  particularly  important  as 
the  MAC  does  not  do  extensive  validity  checking  on  operator  commands;  the  MAC 
relies  on  the  System  Operator's  Console  for  this  function. 

There  are  a  number  of  timing  considerations  involved  in  sending  a  command 
burst  to  the  MAC.  Because  the  MAC  is  using  the  same  DMA  controller  to  control 
both  input  from  and  output  to  the  Intecolor  terminal,  the  MAC  is  not  capable 
of  receiving  and  transmitting  Operator's  Console  data  at  the  same  time.  As  a 
consequence,  the  terminal  must  not  send  out  a  command  burst  to  the  MAC  when 
the  MAC  is  transmitting  data  to  it.  To  ensure  that  this  condition  is  met, 
whenever  a  command  burst  is  to  be  sent  to  the  MAC,  the  terminal  first  enters 
a  wait  loop  to  receive  the  next  data  burst  from  the  MAC.  Once  that  burst  has 
been  received,  the  terminal  can  be  certain  that  the  MAC  is  not  transmitting 
data.  The  terminal  then  delays  for  approximately  30  ms  to  allow  the  Varian 
minicomputer  sufficient  time  to  change  the  data  direction  of  the  DMA  controller. 
The  terminal  then  transmits  the  ten-byte  burst  containing  the  command. 

It  should  be  noted  that  the  sending  of  the  command  burst  is  not  a  regular 
occurrence.  The  burst  is  only  sent  when  the  operator  has  entered  a  command, 
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and  it  is  therefore  a  relatively  infrequent  event.  The  MAC  examines  its  input 
buffer  from  the  Intecolor  terminal  each  frame,  but  there  is  seldom  data  to 
process . 

Once  the  command  has  been  sent  to  the  MAC  in  the  Varian  minicomputer,  the 
display  program  returns  to  the  frame  structure  display  so  that  the  operator 
may  monitor  the  effect  of  the  command  that  was  issued. 

The  structure  of  the  programming  of  the  command  function  is  illustrated  in 
Fig.  4-18. 

F.  Display  Generation  on  the  Intecolor  8051  Color  Terminal 

The  Intecolor  8051  terminal  is  a  RAM-refreshed  CRT.  Two  bytes  of  status 
and  display  data  are  maintained  for  each  screen  location.  Display  generation 
is  thus  done  by  modifying  the  contents  of  the  RAM  refresh  buffer. 

If  the  manufacturer-provided  BASIC  interpreter  is  used,  the  explicit 
updating  of  the  RAM  refresh  buffer  is  done  by  the  interpreter.  When  programming 
in  Intel  8080  assembly  language,  the  user  must  interact  much  more  directly 
with  the  display  hardware.  There  are,  however,  operating  system  utilities 
which  are  accessible  to  the  user  program. 

These  operating  system  utilities  allow  the  user  to  encode  the  display  data 
into  ASCII  codes  from  0-31  and  240-255.  The  screen  software  will  then  interpret 
these  codes  and  perform  the  required  operations  on  the  RAM  refresh  buffer,  thus 
freeing  the  user  from  the  complex  bookkeeping  required  in  order  to  accurately 
update  the  refresh  buffer.  The  low-numbered  ASCII  codes  allow  the  user  to 
change  colors,  position  the  cursor,  change  character  size,  enter  Intecolor 
processing  subsystems,  etc.  The  high-numbered  codes  are  provided  for  plotting 
points,  vectors,  and  bars. 

The  TACS  display  program  employs  these  utilities  for  all  of  its  display 
generation.  The  program  sends  either  a  single  character  or  a  string  to  the 
screen  software;  it  is  then  interpreted  and  refresh  RAM  is  updated  accordingly. 
As  software  processing  is  necessary  in  order  to  affect  the  CRT  display,  the 
response  time  of  the  terminal  is  not  extraordinarily  fast.  It  is,  however, 
sufficiently  rapid  to  permit  the  updating  of  system  status  displays  in  real 
time. 

G.  Input/Output  Handling  on  the  Intecolor  8051  Terminal 

The  input/output  handling  for  the  8080  CPU  contained  in  the  Intecolor  8051 
terminal  is  accomplished  by  a  TMS  5501  Controller.  The  TMS  5501  provides  the 
microprocessor  system  with  an  asynchronous  communications  interface,  data  I/O 
buffers,  interrupt  control  logic,  and  interval  timers.  Commands  to  the  chip 
allow  the  8080  CPU  to  read  the  RS-232  receiver  buffer,  the  input  port,  the 
interrupt  address,  TMS  5501  status,  to  issue  discrete  commands,  and  to  load 
the  baud  rate  register,  the  transmitter  buffer,  the  output  port,  the  mask 
register,  and  an  interval  timer. 


For  the  TACS  display  program,  RS-232  input/output  handling  is  the  principal 
area  of  interest  within  the  controller.  By  use  of  Intel  8080  input  and  output 
instructions,  a  user  program  may  communicate  with  the  TMS  5501  controller. 
Specifically,  the  TMS  5501  decodes  the  port  number  specified  by  the  input  or 
output  instruction  and  correspondingly  provides  or  accepts  the  appropriate 
data.  In  this  way,  a  program  may  handle  its  RS-232  input. 

H.  Program  Development  Information 

The  source  code  for  the  TACS  System  Operator's  Console  consists  of 
approximately  4500  lines  of  Intel  8080  assembly  language  code.  The  program 
occupies  12K  bytes  of  RAM  in  the  Intecolor  terminal.  Due  to  the  size  of  the 
program,  program  development  was  done  on  the  Laboratory  central  computing 
facility,  an  IBM  370/168.  A  cross  assembler  purchased  from  the  Intel  Corporation 
was  used  for  this  purpose.  The  Intel  8080  cross  assembler  output  consists  of 
an  ASCII  representation  of  the  machine  code.  That  machine  code  is  then  down¬ 
loaded  into  the  Intecolor  terminal  via  its  RS-232  port.  A  special  program 
in  the  Intecolor  terminal  reads  data  from  the  serial  port,  converts  it  to 
actual  machine  language  and  stores  it  in  RAM.  From  there,  the  machine  code  is 
stored  on  flexible  diskette  by  using  the  floppy  disk  operating  system  provided 
by  the  manufacturer  of  the  Intecolor  terminal. 


V. 


SCENARIO  GENERATOR 


A.  Motivation  for  Automated  Scenario  Generation 

An  essential  part  of  bringing  TACS  on  the  air  is  the  creation  of  a  "scenario 
or  "operating  environment."  A  given  scenario  is  characterized  by  the  set  of 
subscriber  units  that  can  access  the  system  and  the  manner  in  which  these  units' 
I/O  ports  are  organized  into  communications  nets.  The  configurations  of  the 
subscriber  units  may  vary:  They  may  be  linked  to  other  units  on  the  same  plat¬ 
form  or  may  be  the  only  unit  on  the  platform;  they  may  possess  full-  or  half¬ 
duplex  transceivers;  they  may  access  the  primary  or  alternate  control  and 
request/report  subslots;  etc.  The  characteristics  of  the  communications  nets 
in  a  scenario  may  also  vary:  They  may  be  all-member  or  point-to-point  nets; 
they  may  handle  record  or  voice  data;  they  may  or  may  not  have  a  net  controller; 
etc . 

The  operation  of  TACS  requires  that  every  subscriber  unit  have  information 
(in  its  memory)  describing  its  place  in  the  current  scenario.  This  information 
includes  the  TAC  address  assigned  to  the  unit,  the  control  community  (control, 
ranging,  and  request/report  subslots)  it  must  access,  the  addresses  and  char¬ 
acteristics  of  any  nets  with  which  its  I/O  ports  may  be  affiliated,  and  the 
TAC  addresses  of  the  other  members  of  these  nets.  The  current  implementation 
of  TACS  does  not  provide  any  automated  means  for  a  TAC  unit's  acquisition  of 
this  information;  pre-arranged  scenarios  are  assumed.  (In  a  future  system, 
however,  it  may  be  possible  to  transmit  much  of  this  information  via  specially 
designated  satellite  circuits  as  part  of  system  startup  or  reconfiguration.) 

The  MAC  must  have  access  to  information  on  all  aspects  of  the  current  TACS 
scenario.  Such  information  is  contained  in  two  of  the  elements  of  the  MAC'S 
data  base:  the  TAC  list  and  the  net  list.  Copies  of  these  two  lists  also 
provide  the  Call  Simulator  with  scenario  information.  Appendix  E,  "Multiple 
Access  Controller  Data  Base,"  presents  detailed  descriptions  of  the  TAC  and  net 
lists. 

TACS  Central  Control  Facility  testing  has  proceeded  in  three  phases,  each 
phase  requiring  the  construction  of  a  number  of  TACS  scenarios.  In  the  first 
phase,  the  proper  operation  of  the  software  components  of  the  MAC,  Call 
Simulator,  and  System  Operator's  Console  was  verified.  The  verification  re¬ 
quired  highly  nonuniform  scenarios  designed  to  exercise  as  many  of  the  software 
braches  as  possible.  The  second  phase  consisted  of  demand  assignment  perfor¬ 
mance  tests,  each  test  designed  to  emphasize  a  single  type  of  TACS  blockage 
(e.g.,  satellite  blockage,  I/O  port  blockage).  These  tests  were  structured  so 
that  their  results  could  be  easily  matched  against  analytical  predictions, 
thereby  providing  another  level  of  software  veri f ication .  Uniform  scenarios 
were  required.  The  third  series  of  tests  also  made  use  of  uniform  scenarios. 

This  series  presented  views  of  overall  system  performance,  stressing  the 
efficiency  gains  obtained  via  time  division  multiplexing  and  demand  assignment. 
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The  performance  testing  results  are  described  in  Taylor  and  Bernstein.4 

The  requirements  of  the  testing  program,  and  the  difficulties  encountered 
in  manually  assembling  TAC  and  net  lists  indicated  the  need  for  some  automated 
form  of  scenario  generation.  A  scenario  generating  program  would  not  only 
simplify  TACS  verification  and  performance  testing,  but  would  allow  the  creation 
of  (pseudo-)  realistic  scenarios  that  could  be  used  with  the  real  TAC  units  for 
demonstrations  of  typical  system  operations.  In  addition,  a  Scenario  Generator 
would  greatly  simplify  the  reconfigurations  that  would  at  times  be  required  in  a 
fully  operational  system. 

B.  Description  of  Scenario  Generator 

The  TACS  Scenario  Generator  runs  on  the  same  Varian  620/L-100  minicomputer 
as  does  the  MAC.  It  is  a  non-real-time  routine,  accepting  user  input  via  the 
Tektronix  or  NCR  terminals.  Its  function  is  to  assemble,  according  to  such  user 
input,  a  TAC  list  and  net  list  that  can  be  used  for  MAC  and  Call  Simulator  opera¬ 
tions.  The  Scenario  Generator  ensures  TAC  and  net  list  consistency;  the  data 
entered  by  the  user  in  building  these  lists  must  be  consistent  with  all  pre¬ 
viously  entered  data.  Improper  or  inconsistent  inputs  generate  error  messages. 
The  TAC  and  net  lists  generated  by  the  program  are  always  properly  cross-refer¬ 
enced,  and  represent  a  physically  realizable  scenario.  For  example,  only  as 
much  capacity  is  reserved  at  a  TAC's  transceiver  for  all-member  nets  as  the  TAC 
has  available.  Any  attempt  to  reserve  capacity  greater  than  the  transceiver's 
limit  results  in  an  error  message.  Some  elements  of  the  TAC  and  net  lists, 
not  being  a  part  of  the  scenario,  are  altered  dynamically  during  MAC  and  Call 
Simulator  operations  (e.g.,  the  number  of  sequential  status  report  misses  in 
the  TAC  list,  and  the  on/off  the  air  bits  in  the  net  list).  The  Scenario 
Generator  properly  initializes  the  data  in  these  variable  fields.  Scenarios 
generated  are  stored  on  magnetic  tape,  and  can  be  easily  transferred  to  floppy 
disk  for  use  by  the  Call  Simulator.  Hard-copy  records  of  the  scenarios  can  be 
output . 

As  indicated  in  the  flowchart  in  Fig.  5-1,  there  are  three  phases  to  the 
scenario  generation  process:  initialization  of  the  TAC  list,  definition  of  the 
characteristics  of  communications  nets,  and  building  thi  membership  of  these 
nets.  Reference  to  Appendix  E  will  aid  in  understanding  the  following  dis¬ 
cussion  of  this  process. 

TAC  list  initialization  involves  determining  the  number  of  TACs  in  the 
system  (63,  127,  255,  or  511),  and  formatting  the  corresponding  number  of  TAC 
list  blocks  (see  Fig.  E-3).  All  blocks  initially  have  an  "off"  status,  and  have 
no  net  affiliations.  TAC  addresses  1  through  9  arc  reserved  for  the  TACs  at  the 
central  control  site.  The  Scenario  Generator  automatically  places  the  nine 
corresponding  TAC  list  blocks  in  "on"  status,  flags  all  central  control  site 
transceivers  as  full  duplex,  indicates  membership  in  both  the  primary  and 
alternate  control  communities,  and  prompts  the  user  for  the  central  control 
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Fig.  5-1. 


Scenario  generator 


flowchart . 
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site  link  quality  (the  uplink  and  downlink  signal-to-noi so  ratio  and  percent  R !'  I 
to  be  inserted  in  the  nine  TAC  list  blocks).  The  user  of  the  Scenario  Generator 
next  defines  any  "large"  platforms  (platforms  with  multiple  TACs  and  associated 
transceivers)  that  will  be  in  the  scenario.  The  number  of  TACs  on  the  platform 
and  the  platform's  link  quality,  transceiver  type  (full-  or  half-duplex),  and 
control  community  (primary,  alternate,  or  both)  must  be  supplied  by  the  user. 

The  definition  of  the  characteristics  of  a  communications  net  involves 
supplying  much  of  the  information  resident  in  the  first  two  words  of  a  net  list 
block  (see  Fig.  E-4) .  The  net  address  is  checked  for  validity:  It  must  be  a 
previously  unused  address  that  is  within  the  legal  range  of  addresses  (1-127). 

The  slot  set  to  be  reserved  (at  the  net  members’  transceivers)  for  an  all¬ 
member  net  is  also  checked:  The  nine-slot  TDMA  frame  structure  only  handles 
slots  numbered  from  0  through  8. 

Once  a  net's  character istics  have  been  defined,  the  user  must  build  the 
net's  membership  by  keying  in  TAC  addresses  and  I/O  port  numbers.  A  number  of 
tests  are  made  before  one  of  these  TAC  I/O  ports  is  added  as  a  net  member. 

These  tests  constitute  the  most  complex  part  of  the  Scenario  Generator.  If  any 
of  the  tests  indicate  that  the  I/O  port  cannot  be  included  in  the  net,  an  error 
message  is  generated  giving  the  user  the  reason  for  failure.  If  all  tests  are 
passed,  the  new  net  member  is  indicated  in  the  appropriate  TAC  and  net  list 
fields,  and  the  user  is  prompted  for  another  net  member. 

The  first  test  performed  on  a  prospective  net  member  concerns  the  validity 
of  the  TAC  address  and  I/O  port  number  specified.  I/O  port  numbers  must  be 
between  0  and  3:  TAC  addresses  must  be  between  1  and  and  the  number  of  TACs 
in  the  system.  In  addition,  the  net’s  membership  cannot  already  contain  an  I/O 
port  with  the  same  TAC  address.  (TACS  does  not  allow  a  single  TAC  unit  to  have 
two  or  more  I/O  ports  affiliated  with  the  same  net.)  If  the  TAC  list  block 
associated  with  the  TAC  address  specified  is  in  "off"  status,  its  status  is 
changed  to  "on,"  it  is  placed  in  the  same  control  community  as  that  of  the  net 
currently  being  defined,  and  the  user  is  prompted  for  the  transceiver  type  and 
link  quality.  If  the  TAC ' s  status  is  already  indicated  as  "on,"  its  (previously 
defined)  control  community  must  be  the  same  as  the  net's  control  community.  A 
test  must  also  be  made  to  verify  that  the  I/O  port  specified  for  such  a  TAC  is 
not  already  affiliated  with  another  net. 

Prospective  net  members'  transceivers  must  be  checked  to  verify  that  they 
have  the  capacity  required  to  support  the  net.  In  the  case  of  all-member  nets, 
the  capacity  needed  to  communicate  in  the  net's  reserved  slot  set  must  not  have 
been  previously  reserved  at  the  transceiver  by  other  nets.  Although  point-to- 
point  nets  do  not  reserve  tranceiver  capacity,  for  such  nets  the  Scenario 
Generator  verifies  the  transceiver's  ability  to  support  a  two-way  circuit  in 
at  least  one  TDMA  slot  (after  the  capacity  previously  reserved  by  all-member  nets 
has  been  accounted  for) .  The  analysis  of  transceiver  capacity  uses  techniques 
similar  to  those  employed  by  the  point-to-point  net  branch  of  the  MAC'S  assign¬ 
ment  algorithm  (see  Section  II. G. 3  and  Appendix  G) . 
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GLOSSARY 


Terms 

All-Member  Net 

Assignment 

Assignment  Algorithm 
Assignment  List 
Assignment  Message 

Broadcast  Circuit 

Broadcast  Net 

Call 

Call  Duration 
Call  Initiator 
Call  Precedence 

Call  Precedence 
Threshold 

Call  Progress  Message 

Call  Simulator 

Central  Control 
Facility 

Channel 

Circui t 

Circuit  Assignment 

Circuit  Request 

Communications  Area 
Master  Station 


One  of  the  two  principal  kinds  of  network  configura¬ 
tions  managed  by  TACS .  All  net  members  participate 
(as  receivers  and/or  transmitters)  in  any  net 
activity.  Such  nets  are  always  controlled. 

Dedication  of  TDMA  slots (s)  to  members  of  a  net  for 
communicat ions  purposes. 

MAC  algorithm  that  services  requests  pending  in  queue, 
attempting  to  make  assignments. 

MAC  data  base  component  providing  a  detailed  descrip¬ 
tion  of  the  usage  of  every  TDMA  slot  in  every  channel. 

Message  issued  in  the  control  burst  informing  net 
members  of  a  circuit  assignment. 

Circuit  in  which  one  party  always  transmits  and  all 
other  parties  always  receive. 

All-member  net  constrained  to  establish  only  broadcast 
circuits  (with  the  net  controller  as  the  transmitting 
party)  . 

Usually  a  synonym  for  "request";  in  some  contexts  it 
may  imply  the  same  meaning  as  "circuit." 

Specified  time  requirement  for  a  circuit. 

Net  member  requesting  a  circuit  assignment  from  the  MAC. 

One  of  five  levels  of  "importance"  associated  with 
requests  and  subsequent  assignments. 

Minimum  call  precedence  required  for  newly  generated 
requests;  it  is  specified  in  the  control  burst. 

Message  issued  in  the  control  burst  informing  a  call 
initiator  of  the  inability  of  the  MAC  to  issue  a 
circuit  assignment. 

PDP-1 1/03-min icomputer-based  simulation  of  a  large 
community  of  TAC  units. 

Consists  of  the  following  TACS  components:  MAC,  Call 
Simulator,  System  Operator's  Console,  Master  TAC. 

One  of  the  nine  25-kHz-wide  satellite  frequency  channels 
managed  by  TACS. 

A  TDMA  slot  or  a  set  of  TDMA  slots  assigned  to  net  members 
for  communications  purposes. 

See  "assignment." 

See  "request." 

Communications  site  with  the  MAC,  and  up  to  nine  TAC 
units  (TAC  addresses  1-9)  with  associated  transceivers. 
Such  a  station  would  exist  in  a  full-scale  system. 
Sometimes  called  a  central  control  site. 
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Conference  Call 


Control  Burst 

Control  Community 

Control  Subslot 

Controlled  Net 

Data  Slot 
Debug 

Dedicated  Subslot 

Demand  Access 
Controller 

Demand  Assignment 
Controller 

Demand  Assignment 

Digital  Satellite 
Simulator 

Elastic  Area 

End  User 

Fast  Processor 
Frame  of  Day 

Guard  Bands 

Guard  Intervals 
Inelastic  Area 


Circuit  involving  net  members  other  than  the  original 
calling  and  called  parties.  Only  point-to-point  nets 
may  establish  conference  calls.  In  some  contexts 
"conference  call"  may  refer  to  a  request  for  such  a 
circuit . 

Data  sent  in  the  control  subslot  performing  system 
control  functions. 

Indicates  the  set  of  control,  ranging,  and  request/ 
report  subslots  accessed  by  a  TAC  unit;  e.g.,  a  TAC' 
unit  belongs  to  the  alternate  control  community  if  it 
accesses  the  alternate  set  of  subslots. 

Subslot  used  for  the  transmission  of  control  burst 
data  to  TAC  units.  All  units  must  continually  monitor 
this  subslot. 

Point-to-point  net  with  a  party  designated  as  the  net 
controller.  Such  nets  may  only  support  one  circuit 
at  a  given  time. 

See  "slot." 

Varian  minicomputer's  operating  system. 

Ranging  or  request/report  subslot  assigned  to  a  given 
TAC  unit  in  a  given  frame.  Such  subslots  tegular ]y 
cycle  through  the  entire  TAC  community.  Status  reports 
are  normally  transmitted  in  dedicated  request/repor t 
subslots . 

Intel-808Q-based  segment  of  a  TAC  unit. 


See  "Demand  Access  Controller." 


Pool  Set  of  TDMA  slots,  in  all  channels,  that  arc  currently 
available  for  assignment  to  nets. 

Digital  (i.e.,  baseband)  hardware  built  at  Lincoln 
Laboratory  to  simulate  a  real  satellite  link  between 
the  Master  TAC  and  remote  TAC. 

Segment  of  the  control  burst  used  in  a  pooled  fashion 
for  messages  directed  to  specific  TAC  units. 

Person  or  device  generating  the  circuit  requests  sent 
to  the  MAC,  and  the  data  transmitted  in  assigned  slots. 

AMD-2901-based  segment  of  a  TAC  unit. 

Count  of  consecutive  TDMA  frames  maintained  by  all  units 
in  TACS;  it  is  used  for  system  synchronization  functions. 

Overhead  (extra  time)  included  as  part  of  every  TDM  slot 
(or  subslot)  to  allow  for  the  maximum  possible  satellite 
range  and  clock  errors  expected  of  any  subscriber  unit. 

See  "guard  bands.” 

Segment  of  the  control  burst  that  is  of  a  fixed  format 
and  is  directed  to  all  TAC  units  every  frame. 
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Initial  Range 

Correction  Message 

Input  Algorithm 

Interactive  Circuit 

Interactive  Net 
I/O  Port 

I/O  Port  Number 

Large  Platform 
Late  Entry  Request 

Link  Calculation 

Master  TAC 

Message  Durat  ion 

Message  Precedence 

Multiple  Access 
Control ler 

Net 

Net  Address 
Net  Controller 

Net  List 

Operating  Environment 
Override  Request 

Platform 


Message  issued  in  the  control  burst  informing  a  TAC 
that  has  just  issued  a  ranging  burst  of  its  correct 
satellite  range. 

MAC  algorithm  that  processes  ranging  bursts  and  status 
reports  and  does  initial  processing  on  requests. 

Circuit  in  which  all  parties  may  both  transmit  and 
receive. 

All-member  net  that  may  establish  interactive  circuits. 

As  applied  to  TACS ,  refers  to  the  four  TAC  unit  port  • 
through  which  end  users  generate  and  receive  the  da. 
transmitted  in  assigned  slots. 

Number  (0-3)  uniquely  associated  with  each  I/O  port 
on  a  given  TAC. 

Platform  with  multiple  TACs  and  associated  transceivers. 

Request  sent  from  a  newly  powered-up  member  of  an  all¬ 
member  net  desiring  entry  into  the  net's  ongoing 
communications,  if  any. 

MAC'S  process  of  determining  the  burst  and  code  rates 
required  to  establish  a  circuit,  such  rates  guaranteeing 
adequate  error  protection  for  all  parties  to  the  circuit. 

Lincoln  Laboratory  built  TAC  unit  communicating  with  the 
MAC  via  a  hard-wired  link,  and  with  the  remote  TAC  via 
the  Digital  Satellite  Simulator. 

See  "call  duration." 

See  "call  precedence." 

Var ian-minicomputer-based  TACS  central  controller. 


Communications  network  organization  supported  by  TACS. 

A  subset  of  TACS  end  users  comprise  a  net.  Nets  are 
of  a  number  of  types  and  sub-types  (all -member  or 
point-to-point,  record  or  voice,  etc.). 

Number  (1-127)  uniquely  associated  with  each  net. 

Net  member  (of  an  all-member  net  or  a  controlled 
point-to-point  net)  specially  designated  to  monitor 
all  net  transactions  and/or  enforce  the  net's  protocols 
when  the  net  is  assigned  a  circuit. 

MAC  data  base  component  describing  the  characteristics 
and  membership  of  each  net. 

See  "scenario." 

Request  for  a  new  circuit  generated  by  a  net  member 
already  actively  involved  as  a  receiver  in  an  ongoing 
all-member  :iet  broadcast  circuit.  Such  a  request  is 
issued  by  the  net  member  in  order  to  gain  transmit 
capability . 

A  single  communications  site,  containing  one  or  more 
TAC  units  and  associated  transceivers. 


118 


Point-to-point  Net 


Polled  Subslot 

Polling  Command 

Preemption  Message 

Preemption  Threshold 

Primary  Request /Report 
Subslots 

Random  Access  Subslot 
Range  Update  Message 

Ranging  Burst 

Ranging  Subslots 

Real  TAC 

Record  Net 

Remote  TAC 

Report 

Report  Holding  Buffers 

Report/Request  Subslots 
Request 


One  of  the  two  principal  kinds  of  network  configura¬ 
tions  managed  by  TACS .  Circuits  are  assigned  involving 
subsets  of  the  net  membership,  usually  only  a  called 
and  calling  party.  If  the  net  is  non-control  led , 
more  than  one  such  circuit  may  exist  simultaneously. 

Ranging  or  request/report  subslot  assigned  to  a  given 
TAC  unit  in  a  given  frame  via  a  polling  command. 

Status  reports  may  be  transmitted  in  polled  request/ 
report  subslots. 

Message  issued  in  the  control  burst  requesting  action 
by  a  specific  TAC  unit:  Such  action  is  normally  a  re¬ 
sponse  in  a  specific  (polled)  ranging  or  request/report 
subslot . 

Message  issued  in  the  control  burst  commanding  all  TAC 
units  communicating  in  a  given  TDMA  slot  (in  a  given 
frequency  channel)  to  terminate  such  communications. 

Employed  by  the  MAC  assignment  algorithm  to  specify  the 
currently  allowable  level  of  virtual  (satellite  or 
transceiver)  preemptions  that  may  be  used  in  tryinq  to 
assign  system  capacity  to  a  request.  A  preemption 
threshold  may  be  iteratively  raised  up  to  the  level  of 
the  request's  call  precedence. 

Request/report  subslots  that  are  located  in  the  same 
channel  as  the  control  subslot. 

See  "shared  subslot." 

Message  issued  in  the  control  burst  informing  a  TAC 
that  has  just  issued  a  status  report  of  its  correct 
satellite  range. 

Data  sent  in  a  ranging  subslot  by  a  TAC  unit  initially 
entering  the  system.  Used  by  the  MAC  to  issue  an 
initial  range  correction  message. 

Subslots  used  for  transmission  of  ranginq  burst  data 
to  the  MAC. 

One  of  the  two  TAC  units  built  at  Lincoln  Laboratory 
(the  Master  TAC  and  the  remote  TAC). 

Net  whose  communications  (user)  data  consist  entirely 
of  automated  record  data. 

Lincoln  Laboratory  built  TAC  unit  communicating  with 
the  Master  TAC  via  the  Digital  Satellite  Simulator, 

See  "status  report." 

Call  Simulator  buffers  used  to  hold  the  status  reports 
to  be  sent  to  the  MAC  within  the  next  three  frames. 

See  "request/report  subslots." 

Data  send  from  a  net  member  to  the  MAC,  in  a  request/ 
report  subslot,  specifying  the  need  for  a  circuit. 
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Request  Parameters 

Request  Queue 

Request/Report  Subslots 

Retransmission  Holding 
Buffers 


Satellite  Capacity 
Maps 

Scenario 

Scenario  Generator 

Secondary  Request/ 
Report  Subslots 

Shared  Subslot 

Signalling  Community 
Signalling  Data 
Simulated  TAC 
Slot 

Status  Report 

Subscriber  Unit 
Subslot 

System  Control 
Community 

System  Control  Data 
System  Management  Data 


Parameters  supplied  by  a  net  member  as  part  of  a  re¬ 
quest,  indicating  specific  character istics  of  the  re¬ 
quest.  The  parameters  are  required  by  the  MAC'S  assign¬ 
ment  algorithm. 

MAC  data  base  component  consisting  of  an  ordered  list 
(by  call  precedence  and  frame  arrival)  of  pending 
circuit  requests. 

Subslots  used  for  transmission  of  requests  and  status 
reports  to  the  MAC. 

Call  Simulator  buffers  used  to  hold  requests  for 
retransmission  to  the  MAC  in  subsequent  frames  due  to 
shared  request/report  subslot  contention. 

MAC  data  base  component  providing  an  indication  of  the 
availability  of  each  TDMA  slot  (in  each  channel)  for 
assignment  to  a  net. 

Elements  of  the  MAC's  net  and  TAC  lists  describing  the 
current  configuration  of  all  TAC  units  and  the  manner 
in  which  the  units  are  organized  into  nets. 

Computer  program  allowing  the  automated  creation  of 
scenarios. 

Additional  shared  request/report  subslots  provided  by 
the  MAC  to  alleviate  contention  in  the  primary  (shared) 
request/report  subslots. 

One  of  a  set  of  ranging  or  request/report  subslots 
used  in  a  random  access  mode  by  TAC  units  needing  to 
send  the  MAC  ranging  bursts  or  requests,  respectively. 

See  "control  community.” 

See  "system  control  data." 

TAC  unit  simulated  by  the  Call  Simulator. 

Basic  TDMA  frame  sub- interval ,  optimized  to  accommodate 
a  single  2400-bps  circuit  of  nominal  link  quality. 

Data  sent  from  a  TAC  unit  to  the  MAC,  in  a  dedicated 
or  polled  request/report  subslot,  specifying  the  TAC 
unit's  link  quality  and  current  communications  activity. 

A  single  TAC. 

A  sub-interval  of  a  basic  (2400  bps)  data  slot,  used 
for  transmission  of  one  of  the  kinds  of  system  control 
data . 

See  "control  community." 


Refers  to  control  burst,  ranging  burst,  status  report, 
and  request  data. 

All  data  passed  between  major  system  units  other  than 
user  data,  i.e.,  control  burst,  ranging  burst,  status 
report,  request,  system  status,  and  system  operator 
command  data. 
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System  Operator 

System  Operator 
Commands 

System  Operator's 
Console 

System  Overhead  Data 

System  Status  Data 

System  Subscriber 

TAC  Address 

TAC  List 

TAC  Unit 

Temporary  Buffers 

Terminal 

Terminal  Access 
Control  System 

Terminal  Access 
Controller 

Terminal  Input 
Controller 

Tertiary  Request/ 
Report  Subslots 

Transceiver  Analysis 

Two-way  Circuit 

User  Data 

Var ian 

Varian  Call  Simulator 

Virtual  Preemption 


i 

T 

Principal  TACS  operator  at  the  Central  Control  Facility 
monitoring/controlling  system  operations  via  the  Sys¬ 
tem  Operator's  Console. 

Data  sent  from  the  System  Operator's  Console  to  the 
MAC,  specifying  commands  from  the  system  operator  to 
reconfigure  TACS. 

Intecolor-8051-based  console  allowing  the  system 
operator  to  monitor/control  system  operations. 

See  "system  control  data." 

Data  sent  from  the  MAC  to  the  System  Operator's 
Console  specifying  the  current  system  status.  The 
data  are  used  to  generate  displays  on  the  console. 

A  single  TAC  unit;  in  some  contexts  a  single  end  user. 

Number  (1-511)  uniquely  associated  with  each  TAC  unit. 

MAC  data  base  component  providing  a  detailed  description 
of  the  configuration  and  current  communicat ions 
activity  of  each  TAC  unit. 

See  "Terminal  Access  Controller." 

MAC  buffers,  one  used  for  holding  control  burst  messages 
for  placement  in  the  next  control  burst ,  and  one  used 
for  holding  newly  arrived  requests  for  placement  in 
the  request  queue. 

A  single  TAC. 

What  you're  reading  about. 


The  communications  terminal  used  by  TACS. 


Man/machine  interfacing  device  employed  by  end  users. 
Prompts  users  for  request  parameters,  and  displays 
status  of  request  once  it  is  forwarded  to  the  MAC. 

Additional  shared  request/report  subslots  provided  by 
the  MAC  to  alleviate  contention  in  the  primary  and 
secondary  (shared)  request/report  subslots. 

Process,  used  in  the  MAC  assignment  algorithm,  of 
determining  the  slots  in  the  frame  that  are  euircntly 
available  to  a  given  platform  for  new  assignments. 

See  "interactive  circuit." 

Data  generated  by  end  users  for  transmission  in 
assigned  slots. 

Minicomputer  hosting  the  MAC. 

Preliminary  version  of  the  Call  Simulator,  co-resident 
with  the  MAC  in  the  Varian  minicomputer. 

Function  performed  by  the  MAC  assignment  algorithm  when 
trying  to  assign  system  capacity  to  requests:  Some 
of  the  currently  active  circuits  of  precedence  less 
than  the  new  coll  precedence  may  be  ignored,  i.c., 
"virtually"  preempted. 
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Voice  Net 


Net  whose  communications  (user)  data  consist  entirely 
of  voice  data. 


Acronyms 

AALG 

BIC 

CAMS 

COMMSTA 

CPU 

CRT 

DAC 

DEC 

DMA 

FDUX 

FOD 

HDUX 

IALG 

I/O 

MAC 

ODT 

PIM 

RAM 

RFI 

RTC 

S/N 

SOF 

TAC 

TACS 

TDM 

TDMA 

TIC 


See  "assignment  algorithm." 

Buffer  Interlace  Controller:  Varian  minicomputer 
direct  memory  access  controller  card. 

See  "Communications  Area  Master  Station." 

See  "Communications  Area  Master  Station." 

Computer  Central  Processing  Unit. 

Cathode  Ray  Tube  terminal. 

See  "Demand  Access  Controller." 

Digital  Equipment  Corporation. 

Direct  memory  access. 

Full-duplex . 

See  "frame  of  day." 

Half-duplex . 

See  "input  algorithm." 

Input/output . 

See  "Multiple  Access  Controller." 

On-line  Debugging  Technique:  PDP-11/03  minicomputer 
debugging  package. 

Priority  Interrupt  Module:  Varian  minicomputer 
interrupt  controller  card. 

Random  Access  Memory. 

Radio-frequency  interference. 

Real-time  clock. 

Signal-to-noise  (ratio) . 

Start  of  frame. 

See  "Terminal  Access  Controller." 

See  "Terminal  Access  Control  System." 

Time  division  multiplexed  (multiplexing) . 

Time  division  multiple  access. 

See  "Terminal  Input  Controller." 
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UASC 


Universal  Asynchronous  Serial  Controller:  Varian 
minicomputer  serial  (RS-232)  I/O  port  controller  card 


XSLT  Routine  used  to  perform  transceiver  analysis  (see 

"transceiver  analysis"). 

XSUM  Routine  used  to  perform  transceiver  analysis  (see 

"transceiver  analysis"). 


APPENDIX  A 

FRAME  STRUCTURE  DESIGN 


The  design  of  a  time  division  multiplex  frame  for  TACS  consists  of  choosing 
two  key  frame  parameters  -  specifically  frame  duration  and  the  number  of  data 
slots  per  frame  -  subject  to  a  number  of  constraints.  Major  constraints 
include  equipment  characteristics ,  the  desire  for  high  throughput  efficiency, 
the  need  to  provide  adequate  capacity  for  system  control,  and  the  requirement 
to  support  terminals  equipped  with  half-duplex  radios.  From  most  standpoints, 
a  longer  frame  duration  is  more  desirable.  The  most  notable  exception  to  this 
rule  occurs  with  regard  to  speaker-to-speaker  turnaround  time,  which  is  defined 
to  be  the  interval  between  the  instant  that  one  voice  circuit  user  stops  talking 
and  the  earliest  time  that  he  may  expect  to  hear  the  response  from  the  other 
party.  It  is  of  course  best  to  minimize  this  time,  which  consists  of  two 
roundtrip  earth-satellite  propagation  delays  (total,  ca.  500  ms)  and  approximate 
ly  two  frame  intervals,  the  predominant  factor.  Thus  the  frame  structure  design 
is  a  tradeoff  exercise,  with  a  large  number  of  input  parameters  . 

A  nominal  user  data  rate  of  2400  bps,  corresponding  to  efficiently  vocoded 
speech,  is  assumed  throughout  this  design  exercise.  In  essence,  a  frame  struc¬ 
ture  consisting  of  uniform  width  (in  time)  data  slots  optimized  for  a  2400-bps 
user  with  a  good  link  (and  hence  able  to  communicate  reliably  at  high  burst 
rate  and  with  a  comparatively  efficient  rate  3/4  code)  is  to  be  designed. 

Users  generating  data  at  lower  baseband  rates  may  be  submultiplexed  into  the 
basic  2400-bps  data  slots.  Subdivision  of  these  data  slots  is  also  used  to 
derive  multiple  system  control  circuits.  On  the  other  hand,  2400-bps  users 
with  disadvantaged  links  may  be  assigned  several  adjacent  basic  data  slots, 
allowing  them  the  additional  time  needed  for  communications  using  lower  burst 
and/or  code  rates.  The  (strong)  motivation  for  using  a  uniformly  divided  frame 
is  that  this  structure  gives  a  large  pool  of  essentially  equivalent  data  slots, 
which  can  be  easily  and  efficiently  allocated  by  computer-based  algorithms. 

Two  quite  different  frame  structures  were  derived  for  use  with  TACS, 
so  that  the  system  could  work  with  either  of  two  types  of  modems.  This 
appendix  first  details  the  design  of  a  frame  structure  appropriate  for  use 
with  a  fast-acquiring,  32,000-sps  modem.  There  follows  a  section  describing 
the  frame  structure  applicable  for  use  with  the  modem  built  into  the  AN/WSC-3 
radio.  The  WSC-3  modem  is  limited  to  a  burst  rate  of  19,200-sps  and  is  com¬ 
paratively  slow  to  acquire  since  it  was  originally  designed  for  continuous 
(i.e.,  non-burst-mode)  operation. 

Independent  of  which  modem  is  available,  the  frame  duration  is  restricted 
to  a  set  of  discrete  values.  For  ease  of  implementation,  it  is  desirable 
that  the  microprocessor  performing  a  TAC's  data  buffering,  a  machine  organized 
around  8-bit  bytes,  should  be  required  to  handle  an  integer  number  of  bytes  of 
user  data  during  each  time  frame.  Since  75-bps  is  the  lowest  data  rate  commonly 
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used,  and  since  the  other  rates  (including  2400  bps)  generated  by  standard 
military  equipment  are  all  multiples  of  75,  it  is  sufficient  to  ensure  that  a 
75-baud  user  device  generates  an  integer  number  of  data  bytes  per  frame.  The 
resultant  set  of  possible  frame  durations  is  presented  in  Table  A-l. 

TABLE  A-l 

CANDIDATE  FRAME  DURATIONS 

Bytes  (at  75  bps)  Frame  Duration  (s) 


12 

1.280 

13 

1.387 

14 

1.493 

15 

1.600 

16 

1.707 

17 

1.813 

18 

1.920 

19 

2.027 

20 

2.133 

21 

2.240 

1.  Nine-slot  Frame  Structure  (Applicable  to  32-ksps  Modem) 

As  a  prelude  to  a  step-by-step  frame  structure  design  description,  some 
of  the  more  important  specifications  affecting  the  design  are  presented. 
These  data,  included  as  Table  A-2,  reflect  fundamental  system  parameters, 
equipment  capabilities,  and  the  results  of  a  study  to  choose  an  appropriate 
end-to-end  error  correcting  coding  scheme. 

TABLE  A-2 

SPECIFICATIONS  INFLUENCING  FRAME  FORMAT  FOR  USE  WITH  32  KSPS  MODEM 

Control  or 


Symbol 

User 

Data  Burst 

Request /Report 
Burst 

Ranqing  Burst 

Channel  symbol  rate 

C 

32  ksps 

9.6  ksps 

9.6  ksps 

User  data  rate  (nominal) 

U 

2 . 4  Kbps 

N/A 

N/A 

Code  rate 

R 

3/4 

1/2 

1/2 

Code  constraint  length 
(flush  bits) 

L 

9  bits 

7  bi  ts 

7  bits 

Interleaver  block  length 

I 

256  bits 

N/A 

N/A 

PN  synch  word  length 

P 

64  symbols 

64  symbols 

64  symbols 

Guard,  modem  acquisition, 
and  R/T  settling  time 

A 

0.015  s 

0.015  s 

0.054  s 

The  defined  symbols  correspond 

to  the 

specification 

for  a  user  data 

burst ,  and 

are  used  in  the  formulas  which 

follow. 

The  system 

control  (i.e.,  control, 

request/report,  and  ranging  burst)  data  are  transmitted  at  low  code  and  burst 
rates,  in  order  to  ensure  robustness.  Slots  designed  to  accommodate  ranging 
bursts  must  have  large  timing  guard  bands  in  order  to  handle  the  +  20-msec 


initial  range  ambiguity.  Interleaving  is  not  required  on  system  control  data, 
since  the  expected  RFI  pulse  duration  is  comparable  to  the  duration  of  a 
single  channel  symbol.  The  advantage  of  not  interleaving  system  control  data 
is  that  it  allows  transmission  of  system  control  data  bursts  of  length  other  than 
a  multiple  of  256  symbols  -  the  interleaver  block  size.  The  result  is  a  large 
savings  in  overhead,  especially  for  request/report  and  ranging  bursts,  which  can 
be  as  short  as  110  and  38  symbols,  respectively. 

The  first  task  in  frame  structure  design  is  to  determine  the  number  of 
data  slots  (N)  to  be  derived  from  each  frame.  A  simple  upper  bound  on  this 
buffering  compression  factor  is: 


channel  burst  rate 
user  data  rate 


C  x  R 
U 


32000  (3/4) 
2400 


Clearly,  when  the  necessary  slot  overhead  (i.e.,  for  guard  bands)  is  factored 
in,  only  nine  slots  can  be  offered.  Although  a  frame  of  fewer  than  nine  slots 
would  give  shorter  frame  duration  and  (hence)  speaker  turnaround  time,  the 
nine-slot  frame  is  chosen  for  its  maximization  of  throughput  efficiency. 

Given  the  number  of  data  slots  per  time  frame  and  the  per-slot  guard  band, 
preamble,  and  coding  requirements,  a  minimum  frame  duration  (T)  may  be  calculated. 
Inequality  (A— 2 )  quantifies  the  real  constraint  that  a  full  frame  of  user  data 
plus  all  associated  overhead  must  fit  in  a  single  time  slot. 

fq  x  T  t  U/(R  X  1L  XI  +  A  +  P  <  T  (A- 2) 

The  notation  |  |  signifies  the  smallest  integer  greater  than  the  value  enclosed 

and  reflects  the  need  to  handle  user  data  in  full  interleaver  blocks.  Substi¬ 
tuting  from  Table  A-2  and  Eq .  (A-l)  gives: 


(2400T  +  9) (4/3) /256 | 256  . 

32000 


015  +  _ ...  <r  — 

u  32000  -  9 


The  minimum  value  for  T  from  Table  A-l  which  satisfies  the  inequality  is  1.813 
seconds . 

At  this  point,  it  is  necessary  to  check  how  effectively  the  basic  data 
slots  may  be  subdivided  into  system  control  circuits,  and  to  determine  the 
amount  of  capability  the  ensuing  frame  structure  provides  for  a  half-duplex 
radio  equipped  terminal.  Specific  issues  include: 

a.  the  number  of  request/report  subslots  (at  48  bits,  uncoded, 
per  request/report}  which  can  be  derived  from  one  basic 
data  slot,  and  efficiency  with  which  the  subslots  fill 
that  data  slot. 

b.  the  total  amount  of  control  burst  capacity  provided 
(minimum  required:  300  bits) . 


c.  the  requirement  that  a  half-duplex  terminal  should  be 
capable  of  continually  monitoring  the  control  subslot, 
accessing  any  one  of  the  report/request  subslots,  and 
working  two  two-way  data  circuits,  all  on  a  noninterfering 
basi s . 

These  considerations  force  frame  duration  upward  two  steps,  to  a  value  of 
2.027  s.  The  chosen  nine-slot  frame  structure  is  depicted  in  Fig.  A-l.  In 
addition,  Table  A-3  indicates  the  total  time  duration  for  each  type  of  burst, 
and  the  efficiency  with  which  the  bursts  pack  into  the  225-ms  basic  data 
slots . 

TABLE  A-3 

DATA  AND  SYSTEM  CONTROL  BURST  DURATIONS  AND  PACKING  EFFICIENCIES 

(Nine-Slot  Frame) 


Control 

Ranging 

Reques 

t/Repor t 

User  Data 

Guard  and  modem 

acquisition: 

0.015  s 

0.054 

0.015 

0.015 

Burst  synch: 

0.007 

0.007 

0.007 

0.002 

Data : 

+  0.072  (336  bits) 

0.004  (12  bits) 

0.012 

(48  bits) 

0.208 

Total  per  burst: 

0.094 

0.065 

0.034 

0.225 

Bursts  per  basic 
data  slot: 

x  1 

_ x_2. 

-x  £. 

x  1 

0.094 

0.130 

0.204 

s 

0.225  s 

0.224  s 

This  frame  structure  provides  adequate  system  control  circuit  capacity, 
and  allows  a  half-duplex  radio  equipped  terminal  to  support  two  simultaneous, 
independent,  two-way  data  circuits  in  a  quite  flexible  manner.  Under  com¬ 
paratively  good  ("nominal")  link  conditions  when  a  single  basic  data  slot 
per  circuit  is  required,  the  half-duplex  terminal  can  use  any  of  six  pairs 
of  slots  to  provide  its  two  independent  circuits.  The  slots  must  be  separated 
by  at  least  280  ms,  or  effectively,  by  two  basic  data  slots.  Even  in  the  case 
of  slightly  degraded  link  conditions,  when  a  lowered  burst  or  code  rate  neces¬ 
sitates  two  basic  data  slots  per  circuit,  the  half-duplex  terminal  can  maintain 
two  independent  circuits,  using  slot  pairs  4-5  and  8-9.  A  full-duplex  radio 
equipped  terminal  is,  of  course,  not  required  to  maintain  280  ms  between  access¬ 
es  in  the  frame,  so  such  a  terminal  has  fully  independent  use  of  all  basic  data 
slots.  Indeed,  even  when  link  conditions  are  degraded  to  the  point  where  three 
basic  data  slots  are  required  per  circuit,  the  full-duplex  terminal  can  support 
a  pair  of  independent,  simultaneous  circuits.  Under  good  link  conditions,  the 
full-duplex  terminal  can  simutaneously  work  four  data  circuits  -  equal  to  its 
complement  of  I/O  ports. 

2.  Five-slot  Frame  Structure  (Applicable  to  19.2  ksps  WSC-3  Modem) 

Specifications  influencing  this  frame  structure  design  are  presented  in 
Table  A-4 . 
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CON  CONTROL  SUBSLOT 

RNG  RANGING  SUBSLOTS  (2) 

REQ/REP  REQUEST/REPORT  SUBSLOTS  (6) 
USER  2400  bps  USER  DATA  SLOT 


Fig.  A-X .  Nine-slot  frame  structure. 


CON  CONTROL  SUBSLOT 

RNG  RANGING  SUBSLOTS  (3| 

REO/REP  REQUEST/REPORT  SUBSLOTS  (7) 
USER  2400  bps  USER  DATA  SLOT 


Fig.  A-2.  Five-slot  frame  structure. 
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TABLE  A-4 

SPECIFICATIONS  INFLUENCING  FRAME  FORMAT  FOR  USE  WITH  19.2  KSPS  MODEM 


User  Data  Burst 

Control  or 
Request/Report 
Burst 

Ranging  Burst 

Channel  symbol  rate 

19.2  ksps 

9.6  ksps 

9.6  ksps 

User  data  rate  (nominal) 

2 . 4  kbps 

N/A 

N/A 

Code  rate 

Code  constraint  length 

3/4 

1/2 

1/2 

(flush  bits) 

9  bits 

7  bi  ts 

7  bits 

Interleaver  block  length 

256  bits 

N/A 

N/A 

PN  synch  word  length 

Guard,  modem  acquisition 

64  symbols 

64  symbols 

64  symbols 

and  R/T  settling  time 

0.040  s 

0.040  s 

0.079  s 

Equation  ( A— 1 )  gives  an  upper  bound  data  compression  factor  of  6.0,  so  with 


allowance  for  overhead  a  frame  format  of  five  uniform  data  slots  is  chosen. 

The  minimum  frame  duration  from  Table  A-l  which  satisfies  inequality  (A-2)  is 
1.493  s.  The  six-step  higher  frame  duration  of  2.133  s  is  chosen,  primarily 
to  allow  multiple  simultaneous  two-way  circuits  for  half-duplex  terminals. 

The  resultant  five-slot  frame  structure  is  depicted  in  Fig.  A-2.  Table  A-5 
shows  total  durations  for  the  various  classes  of  bursts,  and  also  indicates 
the  way  in  which  system  control  data  bursts  submultiplex  into  the  427-ms  basic 
data  slots. 


TABLE  A-5 

DATA  AND  SYSTEM  CONTROL  BURST  DURATIONS  AND  PACKING  EFFICIENCIES 

(Five-slot  Frame) 


Guard  and  modem 
acquisition: 
Burst  synch: 

Data : 

Total  per  burst: 
Bursts  per  basic 
data  slot: 


Control 


Rang ing 


Request /Report  User  Data 


0.040  s 
0.007 

+  0.095(448  bits) 
0.142 


0.079 

0.007 

0.004(12  bits) 
0.090 


0.040  0.040 
0.007  0.004 
0.012(48  bits)  0.360 


0.059 


0.404 


x  1 


0.142 


x  3 
0.270 


x  7 

0.413  s 


x  1 

0.404  s 


0.412  s 


This  frame  structure  offers  somewhat  more  system  control  capacity  than 
the  nine-slot  frame,  but  due  to  its  lower  burst  rate  capability  provides 
terminals  with  a  bit  less  data  circuit  flexibility.  Full-duplex  radio  equipped 
terminals  may  work  three  simultaneous,  independent  circuits  under  nominal  link 
conditions,  but  must  reduce  to  a  single  circuit  if  links  degrade.  Similarly, 
terminals  with  half-duplex  radios  may  support  two  simultaneous  circuits  (slots 
3  and  5)  when  links  are  good  and  otherwise  may  support  a  single  access. 
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APPENDIX  B 

(EXAMPLE  OF)  CIRCUIT  ESTABLISHMENT/TERMINATION  TIMING 

This  appendix  has  been  included  in  order  to  give  the  reader  a  system-level 
view  of  the  process  of  establishing  and  terminating  circuits.  The  process  is 
described  via  the  example  diagrammed  in  Fig.  B-l.  The  figure  shows  the  status 
of,  or  actions  taken  by,  various  TACS  units  during  the  servicing  of  a  request 
for  an  assignment  of  three  frames  duration.  Time  is  displayed  from  the  call 
initiator's  final  TIC  keypad  entry  (for  entering  request  parameters)  through 
the  deletion  of  the  resulting  assignment  from  all  parts  of  the  system.  The 
example  assumes  request  origin  at  a  TIC  connected  to  the  remote  T7\C.  (The 
timing  relationships  for  requests  from  the  Master  TAC  and  the  Call  Simulator 
are  slightly  different.)  No  forms  of  request  delay  or  blockaqe  (requost/report 
subslot  contention,  insufficient  satellite  or  transceiver  capacity  for  assignment, 
delays  in  the  request  queue,  etc.)  are  included  in  the  example.  Termination 
of  the  circuit  is  shown  via  expiration  of  the  request's  (three  frame)  duration 
estimate  rather  than  by  preemption  or  user  hangup. 

The  example  of  Fig.  B-l  spans  eight  TDMA  frames,  during  which  the  status  of 
the  user's  TIC  and  I/O  port,  and  of  the  System  Operator's  Console  is  shown. 

Also  shown  are  all  satellite,  Master  TAC,  and  MAC  activities  relating  to  the 
request  and  the  subsequent  assignment.  A  brief  description  of  the  example 
follows . 

When  the  remote  TAC  unit  has  received  all  of  the  parameters  needed  to 
characterize  a  request  from  the  end  user’s  TIC,  the  request  is  formatted  and 
prepared  for  transmission  in  one  of  the  request/report  subslots  in  the  next  TDMA 
frame  (frame  2  in  this  example).  The  Master  TAC  receives  the  request  data  and 
performs  a  parity  check.  If  no  parity  errors  are  detected,  the  request's  format 
is  modified  and  it  is  passed  to  the  MAC  (along  with  any  local  Master  TAC 
requests)  at  the  beginning  of  TDMA  frame  3.  The  MAC  then  processes  the  request, 
reflecting  the  resulting  circuit  assignment  in  (1)  its  data  base,  (2)  the  next 

control  burst,  and  (3)  the  next  system  status  data  stream  to  be  sent  to  the 

System  Operator's  Console.  The  control  burst  data  are  forwarded  to  the  Master 

TAC  at  the  end  of  frame  3.  The  Master  TAC  inserts  parity  check  bits  in  the 

control  burst  data  and  prepares  the  data  for  transmission  in  the  control  subslot 
of  frame  4.  When  the  remote  TAC  receives  the  control  burst  it  performs  a 
parity  check  on  the  data  and,  if  no  errors  are  found,  processes  the  control  burst 
contents.  Recognition  of  the  circuit  assignment  message  in  the  control  burst 
generates  a  "circuit  assigned"  display  at  the  call  initiator's  TIC,  followed  by 
a  "(net  name)  active"  display  in  succeeding  frames.  The  user's  I/O  port  is 
activated  so  that  the  data  buffering  and  bursting  functions  may  begin.  The 
data  are  burst  according  to  the  parameters  specified  by  the  MAC  in  the  assign¬ 
ment  message  (channel,  slot,  burst  rate,  code  rate,  etc.),  the  first  occurring 
in  a  data  slot  in  frame  5.  At  roughly  the  same  time  as  the  assignment  is 
recognized  and  implemented  by  the  remote  TAC  (frame  4),  it  appears  in  the  System 
Operator's  Console  displays. 
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Circuit  termination  (for  this  example)  is  a  simpler  process.  If  the  call 
initiator  had  specified  a  call  duration  of  three  frames,  the  MAC  deletes  the 
circuit  assignment  from  all  parts  of  its  data  base  during  its  processing  activity 
for  frame  6.  (It  had  originally  made  the  assignment  during  frame  3  processing.) 
As  this  deletion  is  reflected  in  the  MAC'S  output  to  the  System  Operator's 
Console,  the  assignment  no  longer  appears  on  the  console's  displays  generated 
during  frames  7,  8,....  The  remote  TAC  independently  terminates  the  circuit 
at  the  beginning  of  frame  7  (using  its  knowledge  of  the  initial  frame  of  the 
assignment  and  its  specified  duration) .  "Circuit  relinquished"  is  displayed  on 
the  call  initiator's  TIC,  followed  by  a  "(net  name)  idle"  display  in  succeeding 
frames.  The  third,  and  final,  data  burst  occurs  in  frame  7,  and  the  end  user's 
I/O  port  is  disabled.  At  this  point  the  end  user  can  generate  a  new  request. 
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APPENDIX  C 

SYSTEM  MANAGEMENT  DATA  FORMATS 


System  management  data  refers  to  all  of  the  data  passed  between  the  major 
system  units  (MAC,  Call  Simulator,  System  Operator's  Console,  Master  TAC,  and 
remote  TAC)  other  than  the  end  user  data  transmitted  via  MAC-assigned  satellite 
circuits.  All  system  management  data  are  ultimately  processed  or  generated  by 
the  MAC.  (The  MAC  has  no  interface  with  the  end  user  data.)  The  data  are 
passed  between  units  via  satellite  (in  specially  designated  TDMA  subslots)  and/ 
or  hard-wired  links.  The  data  include:  (1)  the  control  burst  data  sent  from 
the  MAC  to  the  Call  Simulator  and  to  the  real  TAC  units;  (2)  status  report, 
request,  and  ranging  burst  data  sent  from  the  real  and  simulated  TAC  units  to 
the  MAC;  (3)  system  status  data  sent  from  the  MAC  to  the  System  Operator's 
Console;  and  (4)  system  operator  commands  sent  from  the  System  Operator's 
Console  to  the  MAC. 

The  formats  of  the  system  management  data  streams  are  described  in  the 
following  sections.  As  the  TACS  Central  Control  Facility  units  communicate 
via  serial  interfaces  which  are  (eight-bit)  byte  oriented,  all  formats  are 
displayed  bytewise.  As  with  the  MAC  data  base  (see  Appendix  E) ,  most  of  the 
data  entries  are  explicit,  with  no  clever  coding  used  to  "save  bits."  Also  of 
note  is  the  overhead  provided  in  the  system  management  data  streams,  both  as 
unassigned  "spare"  bits,  and  as  bits  assigned  to  features  that  have  not  been 
fully  developed  in  the  current  TACS  implementation.  These  features,  which 
would  be  useful  in  a  full-scale  system,  will  be  pointed  out  in  the  data  stream 
descriptions. 

1.  Control  Burst  Data 

Control  burst  data  are  assembled  by  the  MAC  and  are  sent  directly  to  the 
Call  Simulator  and  Master  TAC.  The  Master  TAC  transmits  the  control  burst  to 
the  remote  TAC  in  the  control  subslot  of  the  TDMA  frame.  A  bytewise  parity- 
check  scheme  has  been  implemented  to  provide  control  burst  data  error  protec¬ 
tion  beyond  that  already  provided  by  the  rate  1/2  convolutional  code.  (Such  a 
scheme  is  easy  to  implement  on  the  byte-oriented  Intel  8080  part  of  the  TAC 
units.)  As  shown  in  Fig.  C-l,  the  42  bytes  of  the  control  burst  are  divided 
into  six  seven-byte  parity-check  blocks,  each  block  containing  six  bytes  of  data 
and  one  parity  byte.  The  MAC  assembles  all  of  the  control  burst  other  than 
the  parity  bytes.  The  Master  TAC  unit  inserts  the  parity  bytes  (using  "column" 
parity  for  each  block)  before  encoding,  interleaving,  and  transmitting  the 
control  burst.  The  remote  TAC  uses  these  bytes  for  a  parity  check  after  the 
control  burst  has  been  acquired,  do-interleaved,  and  decoded.  Any  block 
failing  the  parity  test  is  discarded. 

Figure  C-l  shows  the  control  burst  to  be  divided  into  an  "inelastic"  and 
an  "elastic"  area.  The  format  of  the  data  in  the  inelastic  area  does  not  change 
from  frame  to  frame.  The  27  data  bytes  of  the  elastic  area,  however,  are  used 
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CURRENT  SYSTEM  CONFIGURATION 

FRAME  OF  DAY  16 

NUMBER  OF  TACS  IN  SYSTEM  2 

CALL  PRECEDENCE  THRESHOLD  3 

SECONDARY  REQUEST/REPORT  CHANNEL  4 
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NUMBER  OF  DEDICATED  REQUEST/REPORT  SUBSLOTS  3 

NUMBER  OF  POLLED  REQUEST/REPORT  SUBSLOTS  2 

NUMBER  OF  SHARED  RANGING  SUBSLOTS  2 

NUMBER  OF  DEDICATED  RANGING  SUBSLOTS  2 

NUMBER  OF  POLLED  RANGING  SUBSLOTS  2 

ALTERNATE  CONTROL:  CHANNEL  AND  SLOT  y 

SPARE  1 


TABLE  OF  CONTENTS  FOR  ELASTIC  AREA 

NUMBER  OF  PREEMPTIONS  3 

NUMBER  OF  RANGE  UPDATES  t 

NUMBER  OF  INITIAL  RANGE  CORRECTIONS  2 

NUMBER  Of  POLLING  COMMANDS  3 

NUMBER  OF  CALL  PROGRESS  MESSAGES  3 

NUMBER  OF  ALL-MEMBER  NET  ASSIGNMENTS  3 

NUMBER  OF  POINT-TO-POINT  NET  ASSIGNMENTS  3 
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ALL-MEMBER  NET  ASSIGNMENTS  6 

POINT-TO-POINT  NET  ASSIGNMENTS  7 


c-i 


General  control  burst  data  format 


in  a  pooled  fashion  for  seven  types  of  control  burst  messages.  The  number  of 
messages  of  each  type  varies  from  frame  to  frame  depending  on  the  results  of 
MAC  processing.  This  feature  allows  for  efficient  use  of  control  burst  capa¬ 
city  . 

The  nine  data  bytes  of  the  inelastic  area  are  divided  between  fields  used 
to  inform  TAC  units  of  the  current  system  configuration,  and  a  "table  of  con¬ 
tents"  defining  the  number  of  messages  of  each  type  in  the  elastic  area.  The 
system  configuration  fields  contain  both  static  and  dynamically  changing  data. 

The  "frame  of  day"  and  "number  of  TACS  in  system"  codes  are  used  for  system 
synchronization  functions  such  as  the  automatic  termination  of  circuits  whose 
time  estimates  have  expired,  and  the  cycling  of  dedicated  roquest/report  sub¬ 
slots  through  the  user  community.  The  call  precedence  threshold  (not  currently 
implemented)  informs  the  TAC  units  of  the  minimum  precedence  level reauired  for 
new  requests.  High  thresholds  would  be  invoked  by  the  MAC  and/or  the  system 
operator  in  cases  of  heavy  system  loading.  The  secondary  and  tertiary  request/ 
report  channel  fields  inform  TAC  units  of  the  availability  of  request/report 
subslots  in  channels  other  than  the  primary  (control  burst)  channel.  Although 
the  request/report  subslot  configuration  currently  remains  static  (determined 
at  system  initialization) ,  it  could  be  dynamically  managed  by  the  MAC  and/or 
the  system  operator.  The  next  three  fields  define  how  the  available  request/ 
report  subslots  are  divided  among  dedicated  subslots  used  for  status  reports 
and  requests,  shared  (random  access)  subslots  used  for  requests  only,  and 
polled  subslots  used  for  status  reports  and  requests.  These  fields  are  followed 
by  three  fields  similarly  indicating  the  use  of  the  ranging  subslots.  (Note 
that  the  MAC  does  not  currently  send  out  polling  commands  in  the  elastic  area 
of  the  control  burst,  hence  the  polled  request/report  and  ranging  subslot  fea¬ 
tures  are  not  implemented.  These  subslots  would  be  assigned  for  one  frame  only 
to  the  TAC  units  receiving  the  polling  commands.  Also  unimplemented  are  dedi¬ 
cated  ranging  subslots.  These  would  regularly  cycle  through  the  subscriber 
unit  community  in  a  fashion  similar  to  the  currently  implemented  dedicated 
request/report  subslots.)  The  final  field  of  the  system  conf iguration  data 
specifies  the  location  (channel  and  slot)  of  an  alternate  control  subslot  being 
used  by  TAC  units  belonging  to  an  alternate  control  community  ("B"  community). 
Such  a  two  community  system  can  make  more  efficient  use  of  satellite  resources 
than  a  single  control  community.  Although  the  MAC'S  real-time  and  processing 
structure  does  not  presently  generate  such  an  alternate  control  burst  (or  handle 
alternate  request,  status  report,  or  ranging  burst  input),  MAC  software  is  capa¬ 
ble  of  dynamically  accounting  for  the  satellite  and  transceiver  capacity  required 
for  a  (simulated)  alternate  community. 

The  seven  types  of  control  burst  messages  that  may  be  found  in  the 
elastic  area  of  the  control  burst  are:  preemptions,  range  updates,  initial 
range  corrections,  polling  commands  (not  implemented),  call  progress  messages, 
all-member  net  circuit  assignments,  and  point-to-point  net  circuit  assignments. 
The  format  of  each  of  these  messages  is  given  in  Fig.  C-2. 
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NUMBER  OF  BITS 


NUMBER  OF  BITS 


PREEMPTION 


RANGE  UPDATE 
TAC  ADDRESS 
CORRECTION 


2  (2  bytes) 


2  (2  bytei) 


INITIAL  RANGE  CORRECTION 
TAC  ADDRESS  9 


CORRECTION 


5  (3  bytes) 


CALL  PROGRESS  MESSAGE 
CALLING  TAC  ADDRESS 


NET  ADDRESS 
MESSAGE  CODE 


ALL-MEMBER  NET  ASSIGNMENT 
CALLING  TAC  ADDRESS 
NET  ADDRESS 


SLOT 

SUBSLOT 

NUMBER  OF  SLOTS 


BURST  RATE 
CALL  PRECEDENCE 


4  (3  bytes) 


POLLING  COMMAND 
TAC  ADDRESS 
COMMAND  CODE 


CALL  DURATION  5 

BROADCAST/TWO-WAY  CIRCUIT  1 


2  (6  bytes) 


POINT-TO-POINT  NET  ASSIGNMENT 

ALL-MEMBER  NET  PARAMETERS  46  (As  Above) 


6  (4  bytes) 


CALLED  TAC  ADDRESS 


9(7  bytes) 


Fiq.  C-2.  Control  burst  message  format. 


Preemption  messages  instruct  all  TAC  units  to  immediately  terminate  any 
communications  actively  using  the  channel  and  beginning  slot  specified.  Pre¬ 
emption  messages  are  always  processed  by  TAC  units  before  assignment  messages. 
Subslot  level  preemptions  and  delayed  preemptions  are  not  implemented.  Range 
update  messages  send  signed  satellite  range  (timing)  corrections  to  subscriber 
units  that  have  just  sent  status  reports  to  the  MAC.  The  range  corrections  re¬ 
duce  the  addressed  TAC ' s  transmit  timing  uncertainty  from  the  duration  of  a  TDM 
data  slot  guard  interval  (guard  band)  to  the  quantization  level  of  the  correction. 
(The  quantization  is  on  the  order  of  the  time  required  to  burst  a  single  channel 
symbol.)  Similarly,  initial  range  correction  messages  are  issued  to  TACs  whose 
ranging  burst  data  have  just  been  received  at  the  MAC,  reducing  transmit  timing 
uncertainty  from  +  20  msec  to  the  quantization  level  of  the  correction.  For  both 
of  these  messages,  the  range  corrections  are  derived  from  the  arrival  times  of 
(ranging  or  status  report)  bursts  at  the  Master  TAC. 

All  parts  of  the  control  burst  data  (both  inelastic  and  elastic)  described 
up  to  this  point  can  be  classified  as  system  control  data.  The  last  three 
control  burst  message  types  provide  call  (request)  response  information  to  TAC 
units.  Call  progress  messages  are  similar  to  commercial  busy  signals.  They 
are  addressed  (via  TAC  and  net  addresses)  to  the  particular  end  user  that  has 
made  an  "unsuccessful"  request,  and  contain  a  code  that  is  used  to  generate 
a  display  at  the  user's  Terminal  Input  Controller  (TIC).  This  display  gives 
the  end  user  an  indication  of  why  the  MAC  could  not  honor  the  request  with  a 
circuit  assignment.  At  this  point,  the  user  may  attempt  a  new  call.  Figure  2-7 
lists  the  call  progress  messages  that  have  been  implemented.  Circuit  assign¬ 
ment  messages  are  the  result  of  "successful”  requests.  Two  kinds  of  messages 
are  provided  for  the  two  kinds  of  TACS  communications  nets.  All-member  net 
assignments  are  implicitly  addressed  to  every  TAC  with  an  I/O  port  belonging 
to  the  all-member  net  from  which  the  request  originated.  Point-to-point  net 
assignments  are  explicitly  addressed  to  specific  called  and  calling  parties 
within  the  net  (and  implicitly  to  the  net  controller,  if  any).  In  either 
case,  circuit  assignment  messages  contain  all  of  the  information  required  to 
set  up  the  new  circuit:  the  channel,  first  slot,  and  number  of  slots  to  be 
occupied  by  the  circuit:  the  burst  and  code  rates  needed  to  provide  adequate 
error  protection:  and  the  precedence,  duration,  and  direction  (two-way  or 
broadcast)  of  the  assignment.  (The  last  three  parameters  are  supplied  by  the 
end  users  when  generating  requests.)  Subslot  level  assignments  and  delayed 
assignments  are  not  implemented. 

2.  Status  Report,  Request,  and  Ranging  Burst  Data 

Figure  C-3  shows  the  formats  for  blocks  of  status  report,  request,  and 
ranging  burst  data  as  they  are  sent  to  the  MAC  by  the  Master  TAC  and  Cal) 
Simulator.  The  MAC  is  capable  of  inputting  and  processing  data  streams 
consisting  of  many  of  these  blocks  ordered  in  any  fashion.  (The  limits  current¬ 
ly  imposed  are  80  bytes/frame  for  data  from  the  Master  TAC,  and  200  bytes/frame 
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Fig.  C-3.  Status  report,  request,  and  ranging  burst  formats. 


for  data  from  the  Call  Simulator.)  Requests  and  status  reports  generated  at  the 
remote  TAC  are  transmitted  to  the  Master  TAC  via  satellite  in  the  request/ 
report  subslots.  The  data  transmitted  consist  of  bytes  1  through  5  of  the 
stutus-report/request  format  in  Fig.  C-3,  plus  one  byte  of  "column"  parity.  The 
Master  TAC  uses  the  parity  byte  to  perform  a  parity  check  on  any  data  received 
in  the  request/report  subslots.  This  parity-check  scheme,  similar  to  the 
control  burst  parity-check  scheme,  provides  request/report  subslot  error 
protection  beyond  that  already  provided  by  the  rate  1/2  convolutional  code. 

Any  status  report  or  request  showing  a  parity  error  is  discarded  by  the  Master 
TAC.  Otherwise,  the  block  of  data  is  forwarded  to  the  MAC  with  the  parity  byte 
removed  and  the  information  in  bytes  6  through  10  appended.  Requests  and 
status  reports  generated  locally  at  the  Master  TAC  and  by  the  Call  Simulator 
are  sent  directly  to  the  MAC  in  the  ten-byte  format.  Ranging  bursts  are  only 
generated  by  the  remote  TAC  (at  remote  TAC  startup  time) .  As  with  status 
reports,  requests,  and  control  bursts,  ranging  bursts  are  transmitted  (in  the 
ranging  subslots)  with  parity  appended  for  added  error  protection.  Figure  C-3 
shows  the  format  of  ranging  burst  data  as  received  by  the  MAC,  i.c.,  after  it 
has  been  acquired,  parity-checked,  and  reformatted  by  the  Master  TAC. 

The  next  few  paragraphs'  discussion  of  the  status  report  and  request  data 
formats  assumes  the  case  of  data  originating  at  the  remote  TAC  unit.  Since, 
in  a  full-scale  TACS ,  most  TAC  units  would  be  "remote,"  i.e.,  linked  to  a 
Central  Control  Facility  via  satellite  only,  the  path  taken  by  requests  and 
status  reports  generated  at  the  remote  TAC  is  most  representative  of  system 
operation.  Although  the  requests  and  reports  originating  at  the  Master  TAC, 
and  those  generated  by  the  Call  Simulator,  are  not  transmitted  over  the  satellite 
the  data  forwarded  to  the  MAC  by  these  units  are  formatted  in  exactly  the  same 
fashion  as  the  remote  TAC's  data.  The  great  majority  of  the  MAC'S  functions 
make  no  distinction  between  simulated  and  real  subscriber  units,  making  the  MAC'S 
processing  burden  and  the  overall  system  performance  virtually  identical  to 
that  which  would  be  obtained  in  a  full-scale  system. 

The  data  sent  in  the  request/report  subslots,  and  hence  the  request/report 
blocks  sent  to  the  MAC,  have  been  formatted  such  that  a  single  block  can  re¬ 
present  a  status  report,  a  request,  or  both.  Field  (1)  of  the  request/repor t 
format  in  Fig.  C-3  contains  a  code  defining  the  kind  of  data  to  be  found  in  the 
block.  Fields  (2)  and  (4)  -  (9)  are  only  used  when  the  block  contains  a  request. 
The  call  duration  (time  requirement  for  a  circuit  specified  in  frames  for 
record  nets  and  minutes  for  voice  nets),  broadcast/two-way  circuit  flag,  call 
precedence,  called  TAC  address  (for  point-to-point  nets  only),  and  late  entry 
to  net  (all-member  nets)  or  conference  call  (point-to-point  nets)  flag  are 
generaged  by  the  TACS  end  user  making  the  call.  The  number  of  previous  request 
attempts  in  field  (6)  is  automatically  incremented  by  the  end  user's  TAC  unit 
every  time  it  must  retransmit  a  request  due  to  contention  in  a  shared  subslot. 

The  net  address  in  field  (9)  is  also  automatically  inserted  by  the  TAC  unit. 
Blocks  that  are  indicated  by  the  code  in  field  (1)  as  containing  on  1 y  a  request 


are  transmitted  in  the  shared  request/report  subslots.  In  this  ease  fields 
(3 a)-(c)  contain  the  address  of  the  callinq  party's  TAC.  This  is  required  in 
order  for  the  MAC  to  know  which  TAC  has  made  use  of  the  shared  subslot.  Sub¬ 
slots  that  are  dedicated  each  frame  to  specific  TAC  units  (these  regularly  cycle 
through  the  entire  TAC  community)  are  used  for  status  reports,  which  may  or  may 
not  be  combined  with  requests.  In  this  case,  the  reporting/calling  TAC ' s 
address  is  implicit  in  the  subslot  used  for  data  transmission.  Hence  fields 
(3a) -(c)  are  used  for  status  report  data:  (3a)  contains  a  code  representing 
the  percentage  ot  the  time  RF1  has  been  present  at  the  TAC  unit's  receiver, 

(3b)  codes  the  unit's  estimate  of  its  downlink  siqnal-to-noise  ratio,  and  (3c) 
contains  a  one-bit  flag  for  each  of  the  TAC’s  four  I/O  ports,  indicating  whether 
or  not  the  port  is  currently  engaged  in  communications. 

Fields  (10) -(13)  contain  data  appended  to  both  status  reports  and  requests 
by  the  Master  TAC.  The  "time  of  arrival  in  frame"  (acquisition  time  of  a  re¬ 
quest  or  report  at  the  Master  TAC)  and  the  "report/request  channel"  fields  are 
used  by  the  MAC  to  determine  the  subslot  in  which  a  status  report  or  request 
was  broadcase.  (The  report/request  channel  field  differentiates  the  data 
received  in  the  primary,  secondary,  and  tertiary  report/request  channels.)  The 
MAC  requires  knowledge  of  the  subslots  used  for  two  reasons:  (1)  The  identifi¬ 

cation  of  a  status  report  with  a  given  TAC  is  determined  implicitly  from  the 
(dedicated)  subslot  used  for  the  report,  and  (2)  the  MAC  must,  in  the  current 
system,  simulate  contention  for  the  shared  request/report  subslots,  ignoring 
the  data  associated  with  any  subslot  used  by  multiple  real  and/or  simulated 
TACs.  The  time  of  arrival  in  the  frame  is  also  used  by  the  MAC  to  send  satel¬ 
lite  range  updates  to  the  TAC  units  that  have  just  issued  status  reports. 

Field  (11)  is  reserved  for  an  estimate  of  the  uplink  quality  of  the  subscriber 
unit  making  the  request  or  report.  This  feature  is  not  implemented  in  the 
present  TACS.  Uplink  quality  estimates  would  be  derived  from  the  demodulation 
or  decoding  of  the  first  six  bytes  of  request/report  data  blocks  at  the  Central 
Control  Facility.  The  "report/request  origin"  field  is  used  by  the  MAC  software 
in  the  few  places  where  it  must  distinguish  between  data  arriving  from  the 
remote  TAC,  the  Master  TAC,  and  the  simulated  TACs.  (This  field  is  also  used 
by  the  MAC  to  make  a  further  distinction  between  simulated  TACs  that  are  "remote" 
and  a  simulated  CAMS  with  nine  TAC  units.)  This  field  would  not  be  required 
in  a  full-scale  system. 

The  ranging  burst  data  fields  in  Fig.  C-3  are  similar  to  the  report/request 
data  fields.  The  code  in  field  (1)  identifies  the  block  to  the  MAC  as  four 
bytes  of  ranging  burst  data.  Field  (2)  indicates  the  number  of  times  the  ranging 
burst  had  to  be  retransmitted  due  to  contention  in  the  shared  ranging  subslots. 
Field  (4)  specifies  the  address  of  the  ranging  TAC.  Field  (5),  as  with  request/ 
report  field  (10),  is  used  to  determine  the  ranging  subslot  used  for  transmission 
of  the  block  of  data,  and  to  issue  initial  satellite  range  corrections  to  TACs 
that  have  just  sent  the  MAC  ranging  bursts. 
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3.  System  Status  Data 

A  stream  of  system  status  data  is  sent  from  the  MAC  to  the  System  Operator's 
Console  during  every  frame.  The  data  are  used  at  the  console  to  generate  dis¬ 
plays  of  system  configuration  and  activity.  The  format  and  quantity  of  the  data 
sent  from  the  MAC  are  invariant  to  which  display  has  been  selected,  or  any 
commands  that  the  system  operator  has  forwarded  to  the  MAC.  As  different  displays 
are  selected,  different  parts  of  the  system  status  data  stream  are  accessed  by 
the  Operator's  Console. 

The  system  status  data  stream,  diagrammed  in  Fig.  C-4  ,  is  758  bytes  lonq. 

Its  major  sections  describe  the  current  circuit  assignments  (648  bytes), 
contents  of  the  MAC'S  request  queue  (81  bytes) ,  and  activity  in  the  ranging 
and  request/report  subslots  (15  bytes).  Also  sent  are  the  frame  of  day, 
header  bytes  used  for  I/O  synchronization  between  the  MAC  and  the  Operator's 
Console,  and  spares. 

The  format  of  the  system  status  data  describing  circuit  assignments  is 
nearly  identical  to  the  MAC'S  "assignment  list."  The  assignment  list  gives 
detailed  information  on  the  usage  of  every  TDM  slot  in  every  satellite  channel. 
Indication  is  given  as  to  whether  the  slot  is  being  used  for  system  overhead 
(e.g. ,  for  the  control  subslot),  is  presently  assigned  to  a  communications  net, 
is  awaiting  such  assignment,  or  is  not  in  the  demand  assignment  pool.  Appendix 
E  contains  a  detailed  description  of  the  assignment  list.  The  only  difference 
between  the  format  of  the  MAC'S  assignment  list  and  the  format  of  the  circuit 
assignment  data  sent  to  the  System  Operator's  Console  is  that,  in  the  latter 
case,  a  special  code  is  placed  in  the  data  block  describing  any  TDMA  slot  in 
which  a  preemption  has  just  occurred.  This  allows  the  generation  of  preemption 
displays  at  the  console. 

Part  of  the  system  status  data  stream  indicates  the  status  of  the  MAC'S 
request  queue.  A  four-byte  block  of  data  is  placed  in  the  stream  for  each 
request  that  was  in  queue  at  the  beginning  of  the  current  frame.  (The  system 
status  data  stream  has  enough  capacity  to  hold  the  first  20  requests  found  in 
queue  each  frame.)  Blocks  are  assembled  both  for  requests  that  arrived  at  the 
MAC  during  the  current  frame,  and  for  requests  that  had  been  held  over  in 
queue  for  one  or  more  frames.  The  blocks  are  ordered  in  the  same  manner  as  they 
were  serviced  by  the  assignment  algorithm  (primarily  by  precedence,  and  second¬ 
arily  by  frame  of  arrival).  The  blocks,  formatted  as  shown  in  Fig.  C-5,  contain 
the  following  entries,  taken  directly  from  the  corresponding  request  queue 
entries  (see  Appendix  E  for  a  description  of  the  MAC'S  request  queue):  the 
calling  party's  TAC  address,  broadcast/two-way  circuit  flag,  call  precedence, 
number  of  previous  request  attempts,  late  entry  to  net  or  conference  call  flag, 
and  net  address.  There  are  two  additional  entries,  one  indicating  the  number  of 
frames  the  request  has  been  held  over  in  queue  awaiting  service,  and  the  other 
indicating  the  action,  if  any,  taken  on  the  request  in  the  current  frame.  For 
requests  that  have  just  received  final  action,  the  second  of  those  entries 
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Fig.  04.  System  status  data  stream. 
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contains  either  the  call  progress  message  code  (see  description  of  control 
burst  data  in  Appendix  C.l)  sent  to  the  call  initiator,  or  a  code  indicating 
a  circuit  assignment.  These  requests  will  be  removed  from  the  queue.  The 
"action  taken"  entry  also  indicates  all  requests  that  could  not  yet  be  serviced 
as  "left  in  queue."  These  requests  will  appear  again  in  the  next  frame's  system 
status  data  stream. 

The  last  major  part  of  the  system  status  data  stream  can  be  used  to  inform 
the  system  operator  of  the  usage  of  the  current  frame's  ranging  and  request/ 
report  subslots.  It  includes  two  types  of  information:  (1)  the  current  subslot 

configuration  and  (2)  the  activity  in  each  subslot.  The  current  subslot 
configuration  specifies  the  number  of  request/report  subslots  available  to  TAC 
units,  i.e.,  whether  or  not  there  is  a  secondary  and/or  tertiary  request/report 
channel.  It  also  specifies  which  of  the  ranging  and  request/report  subslots 
are  being  used  in  a  shared,  dedicated,  or  polled  mode.  Although  the  current 
TACS  implementation  does  not  dynamically  change  the  subslot  configuration,  this 
feature  would  be  useful  in  a  fully  operational  system.  "Activity  in  each 
subslot"  refers  to  information  on  the  number  of  TAC  units,  real  and/or  simu¬ 
lated,  that  have  just  transmitted  in  the  subslot.  Only  shared  subslots  should 
show  contention,  i.e.,  attempted  usage  of  the  subslot  by  multiple  TAC  units. 
Knowledge  of  such  multiple  attempts  in  a  subslot  is  a  byproduct  of  the  MAC'S 
subslot  contention  simulation.  Included  with  the  subslot  usaqc  data  is  a  count 
of  the  number  of  requests  and  status  reports  that  were  received  from  TAC  units 
at  the  central  control  site  in  the  current  frame.  The  full-scale  central  control 
site  exists  in  simulation  only  (in  the  Call  Simulator),  and  contains  nine  TAC 
units  whose  requests  and  status  reports  are  not  involved  in  the  MAC'S  subslot 
contention  simulation.  (The  TACs  at  a  real  central  control  site  would  com¬ 
municate  with  the  MAC  via  a  hard-wired  link.) 

4 .  System  Operator  Commands 

Commands  generated  at  the  System  Operator's  Console  keyboard  arc  checked 
for  validity,  coded,  and  sent  to  the  MAC  within  one  frame.  A  minimal  number 
of  bytes  are  necessary  to  specify  the  command  to  the  MAC.  (Ten  bytes  are 
currently  sent  to  the  MAC,  including  header,  trailer,  and  spares.)  Each  command 
consists  of  an  identifying  code  plus  any  necessary  arguments  (such  as  channel , 
slot,  and  net).  The  command  format  is  qiven  in  Fig.  C-6.  Althouqh  commands 
from  the  system  operator  do  not  alter  the  format  of  system  status  data  sent  to 
the  Operator's  Console,  they  do  reconfigure  TACS,  this  fact  being  reflected  in 
the  content  of  the  system  status  data. 
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APPENDIX  D 

FIVE-  AND  NINE-SLOT  SYSTEM  IMPLEMENTATION  DIFFERENCES 


As  mentioned  in  the  introduction  to  this  report,  TACS  has  been  designed 
to  operate  with  either  of  two  different  TDMA  frame  structures:  the  "nine-slot" 
and  "five-slot"  frames.  The  nine-slot  frame  structure  presupposes  TAC  units 
that  are  equipped  with  modems  capable  of  operating  at  32-ksps;  19.2-ksps 
operation  is  required  by  the  five-slot  structure. 

Appendix  A  details  the  design  of  the  two  frame  structures.  The  major 
difference  between  the  structures  is,  of  course,  the  number  of  "basic  data 
slots"  per  frame:  The  nine-slot  structure,  by  virtue  of  the  higher  burst 
rate  on  which  it  is  based,  can  provide  (for  satellite  links  of  nominal  quality) 
much  greater  throughput  than  the  five-slot  case.  The  five-slot  frame,  however, 
provides  a  greater  amount  of  system  control  data  capacity:  seven  (vs  six) 
request/report  subslots  per  basic  data  slot,  three  (vs  two)  ranging  subslots 
per  basic  data  slot,  and  448  (vs  336)  bits  of  control  burst  data  per  frame. 

In  addition,  the  two  TDMA  frames  are  of  slightly  different  durations:  2.027  s 
for  the  nine-slot  case  and  2.133  s  for  the  five-slot  case. 

The  desire  to  operate  TACS  using  either  of  two  significantly  different 
frame  structures  has  impacted  the  design  of  the  software  for  each  of  the 
Central  Control  Facility  units  described  in  this  report.  Each  unit  requires 
either  two  versions  of  its  program  (one  for  each  frame  structure)  or  a  single 
program  that  performs  the  appropriate  tests  and  branches  based  on  the  frame 
structure  currently  in  use.  All  other  major  sections  of,  and  appendices  to, 
this  report  present  implementation  details  for  the  case  of  nine-slot  system 
operations  (except  where  explicitly  noted  to  the  contrary) .  The  following 
subsections  (D.l  through  D.4)  of  this  appendix  present,  for  the  MAC,  the  Call 
Simulator,  the  System  Operator's  Console,  and  the  Scenario  Generator,  respec¬ 
tively,  the  major  differences  between  five-  and  nine-slot  frame  software. 

Before  detailing  the  unit  by  unit  design  differences,  a  few  system-level 
differences  between  the  five-  and  nine-slot  implementations  will  be  noted. 
First,  although  MAC  software  is  fully  capable  of  servicing  real,  as  well  as 
simulated,  TAC  units  during  nine-slot  operations,  the  real  TAC  units  are  only 
used  during  five-slot  operations.  This  is  because  the  real  subscriber  units 
can  currently  handle  a  maximum  burst  rate  of  19.2-ksps.  During  either  five- 
or  nine-slot  operations  that  involve  only  simulated  TAC  units,  a  Syntronics 
frequency  synthesizer  (model  SI-70)  and  a  signal-conditioning  box  are  used  to 
provide  the  start  of  frame  interrupt  pulse  that  would  otherwise  be  provided  by 
the  real  Master  TAC  unit. 

Other  system-level  differences  are  in  the  amount  of  control  burst  data 
passed  from  the  MAC  to  the  Call  Simulator  and  Master  TAC,  and  the  amount  of 
system  status  data  passed  from  the  MAC  to  the  System  Operator's  Console.  As 
the  five-slot  structure  provides  112  bits  (14  bytes)  more  control  burst 


147 


PAQt 


capacity  per  TDMA  frame  than  does  the  nine-slot  structure,  this  extra  capacity 
is  added  to  the  control  burst  elastic  area  (see  Fig.  C-l)  in  the  form  of  two 
more  parity-check  blocks.  The  system  status  data  stream  sent  to  the  System 
Operator’s  Console  (see  Fig.  C-4)  is  288  bytes  shorter  in  the  five-slot  system 
than  in  the  nine-slot  system.  This  results  from  a  shorter  MAC  assignment  list; 
only  45  TDMA  slots  need  be  described  by  assignment  list  blocks  (vs  81  slots 
for  the  nine-slot  frame). 

A  final  system-level  difference  between  the  five-  and  nine-slot  frame 
structures  is  in  the  kind  of  link  adaption  provided.  Although  the  mechanisms 
of  link  adaption  are  identical,  the  burst  and  code  rate  combinations  (and  the 
resulting  number  of  contiguous  TDMA  slots)  that  are  used  for  circuits  with 
nominal  or  degraded  links  are  different  in  the  five-  and  nine-slot  systems. 
These  are  tabulated  in  Table  D-l. 

TABLE  D-l 

BURST/CODE  RATE  COMBINATIONS,  AND  RESULTING  NUMBER  OF  CONTIGUOUS 
SLOTS  FOR  ASSIGNMENTS  IN  FIVE-  AND  NINE-SLOT  SYSTEMS 


Five-Slot 

Frame 

Nine-Slot  Frame 

Burst  Rate 
(kbps) 

Code  Rate  Number  of 

Contiguous  Slots 

Burst  Rate 
(kbps) 

Code  Rate 

Number  of 
Contiguous  Slots 

*  19.2 

3/4 

1 

*  32.0 

3/4 

1 

19.2 

1/2 

2 

19.2 

3/4 

2 

9.6 

1/2 

3 

19.2 

1/2 

3 

9.6  . 

1/2 

5 

♦Assigned  to  links  of  nominal  quality. 

1.  Multiple  Access  Controller 

The  most  significant  difference  between  MAC  five-  and  nine-slot  software 
is  in  the  part  of  the  assignment  algorithm  that  determines  a  platform's  local 
TDMA  slot  availability.  (This  function  is  described  in  detail  for  the  nine-slot 
frame  in  Appendix  G.)  The  difference  is  due  to  the  amount  of  time  allotted  per 
basic  data  slot  in  the  two  frame  structures  (five-slot  =  427  ms,  nine-slot  =  225 
ms) ,  and  how  these  slot  durations  relate  to  the  240-280  ms  range  of  possible 
round-trip  propagation  delays.  As  shown  in  Fig.  G-2,  and  as  reflected  in  in¬ 
equalities  (a) -(f)  presented  in  Appendix  G  and  enforced  by  subroutine  XSLT, 
transmissions  in  a  given  slot  "N"  of  the  nine-slot  frame  occur  at  the  same  time 
as  receptions  in  slots  N-l  and  N-2.  Conversely,  receptions  in  slot  N  occur 
simultaneously  with  transmissions  in  slots  N+l  and  N+2.  Constructing  similar 
diagrams  for  the  five-slot  frame  would  show  transmissions  in  slot  N  to  coincide 
with  receptions  in  slots  N  and  N-l;  receptions  in  slot  N  will  coincide  with 
transmissions  in  slot  N  and  N+l.  Consequently,  inequalities  (a)-(f)  of 
Appendix  G  must  be  replaced  with  the  following  five  inequalities: 
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Again,  the  subset  of  inequalities  to  be  satisfied  depends  on  whether  the  pro¬ 
spective  call  requires  the  platform  in  question  to  operate  in  an  interactive, 
receive-only ,  or  transmit-only  mode.  Since  the  "transceiver  analysis"  functions 
to  be  performed  by  subroutines  XSUM  and  XSLT  for  the  five-slot  frame  are,  as 
shown  above,  significantly  different  from  those  for  the  nine-slot  frame,  two 
independent  versions  of  MAC  software  have  been  developed  for  the  different 
frame  structures. 

Small  differences  exist  between  the  five-  and  nine-slot  MAC  real-time 
structures.  Although  the  real-time  events  RSO,  RO,  ...,  R4  are  unchanged,  they 
occur  at  slightly  different  times  relative  to  the  start  of  frame  pulse. 

Figure  2-2  shows  the  timing  for  the  nine-slot  MAC.  The  times  are  changed  for 
the  five-slot  MAC  due  to  (a)  the  different  amount  of  control  burst  and  system 
status  data  output  by  the  MAC  and  (b)  the  different  frame  duration. 

Finally,  various  MAC  data  base  components,  parameters,  tables,  and  I/O 
buffers  are  structured  differently  in  the  five-  and  nine-slot  versions.  The 
most  significant  of  these  differences  are  (relative  to  the  nine-slot  MAC): 

(a)  The  assignment  list  is  36  blocks  (144  words)  smaller,  having  to 
describe  only  45  TDMA  slots. 

(b)  The  satellite  capacity  maps  only  describe  45  TDMA  slots  (though 
occupying  the  same  number  of  computer  words) . 

(c)  The  control  burst  output  buffer  is  longer  by  two  parity-check  blocks. 

(d)  The  System  Operator's  Console  (system  status  data)  output  buffer  is 
shorter  by  288  bytes. 

(e)  The  "link  adaption  table",  indicating  the  burst  and  code  rates  to  be 
used  for  given  composite  worst-case  RFI  and  signal-to-noiso  ratios,  is  altered 
to  reflect  the  data  in  Table  D-l. 

(f)  The  Table  describing  nominal  arrival  times  in  the  frame  for  ranging 
and  report/request  bursts  (upon  which  satellite  range  corrections  are  based) 

is  altered  to  reflect  the  different  positions  of  the  ranging  and  request /report 
subslots  in  the  five-slot  frame  structure. 

2.  Call  Simulator 

The  five-  and  nine-slot  versions  of  the  Call  Simulator  software  differ  only 
in  the  values  of  a  few  constants,  including:  frame  duration,  number  of  basic 
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data  slots  per  frame,  number  of  request/report  subslots  per  basic  data  slot, 
number  of  bytes  in  the  control  burst,  and  all  of  the  request/report  burst 
arrival  times.  Both  Call  Simulator  versions  use  the  same  real-time  software 
structure,  since  processing  time  is  not  a  critical  issue  and  the  frame  durations 
are  comparable. 

3.  System  Operator's  Console 

A  single  version  of  the  System  Operator's  Console  software  is  used  for 
both  nine-  and  five-slot  system  operations.  As  only  one  version  exists,  most 
of  the  five/nine-slot  differences  are  explicitly  noted  in  Section  IV.  Only 
one  of  the  console's  displays,  the  "frame  structure"  display,  differs  in  format 
during  five-slot  operations.  The  five-slot  frame  structure  display  is  presented 
in  Fig.  D-l,  and  may  be  compared  with  Fig.  4-3. 

4 .  Scenario  Generator 

As  described  in  Section  V,  the  Scenario  Generator  program  must  perform  a 
transceiver  analysis  upon  each  subscriber  unit  that  is  to  be  added  to  a  given 
net.  This  is  done  in  order  to  verify  that  the  subscriber  unit  has  access  to 
sufficient  transceiver  capacity  to  support  the  net.  The  Scenario  Generator 
uses  the  same  subroutines,  namely  XSUM  and  XSLT,  as  used  by  the  MAC  assignment 
algorithm  for  the  transceiver  analysis  function.  As  explained  under  "Multiple 
Access  Controller"  above,  very  different  versions  of  these  subroutines  are 
required  by  the  nine-slot  and  five-slot  frame  structures.  Hence,  for  the  same 
reasons  as  for  the  MAC  software,  two  independent  Scenario  Generator  programs 
have  been  developed  for  the  two  different  frame  structures.  Other  than  the 
transceiver  analysis  subroutines,  there  are  no  major  differences  between  the 
five-  and  nine-slot  Scenario  Generators. 


APPENDIX  E 

MULTIPLE  ACCESS  CONTROLLER  DATA  BASE 


The  operation  of  TACS  is  contingent  upon  the  existence  of  a  MAC  data  base 
that  consistently  reflects  all  aspects  of  system  status  that  are  relevant  to 
MAC  functions.  The  data  base  describes  the  current  system  configuration:  the 
number  and  communications  capabilities  of  TAC  units;  the  number  and  character¬ 
istics  of  communications  nets;  the  organization  of  the  system's  end  users  (TAC 
I/O  ports)  into  nets;  the  satellite  channels  being  managed;  the  location  of 
an  alternate  control  community,  if  any;  the  number,  location,  and  types 
(shared,  dedicated,  or  polled)  of  ranging  and  request/report  subslots  provided; 
etc.  All  elements  of  system  configuration  remain  static  in  the  current  TACS 
implementation  (except  for  the  channels  being  managed,  which  may  be  altered  by 
the  system  operator).  Dynamic  management  of  such  items  as  the  number,  location, 
and  type  of  request/report  subslots  in  the  system  would  be  expected  in  a  full- 
scale  TACS.  Changes  in  configuration  would  be  initiated  by  the  system  operator 
(or  by  the  MAC  itself)  in  response  to  changes  in  system  loading  and  would  be 
reflected  in  the  MAC'S  data  base. 

The  MAC  data  base  also  dynamically  describes  the  demand  assignment  activity 
in  the  system.  This  includes  the  queue  of  pending  circuit  requests,  and  in¬ 
formation  on  the  currently  assigned  circuits.  The  circuit  assignment  infor¬ 
mation  is  provided  from  the  viewpoint  of  the  subscriber  units  involved,  the 
nets  involved,  and  the  satellite  capacity  used. 

The  major  components  of  the  MAC  data  base  are:  (1)  the  request  queue, 

(2)  the  assignment  list,  (3)  the  TAC  list,  (4)  the  net  list,  and  (5)  the 
satellite  capacity  maps.  (Note  that  the  Call  Simulator  maintains  its  own 
copies  of  the  assignment  list,  TAC  list,  and  net  list  for  use  as  its  data 
base.)  The  data  base  was  designed  for  use  on  16-bit  machines,  with  ease  of 
access  and  flexibility  as  major  considerations.  To  that  end: 

1.  Some  information  is  redundant.  For  example,  whether  or  not  a  particular 
TDMA  slot  is  presently  assigned  can  be  determined  from  either  the  assignment 
list  or  the  satellite  capacity  maps.  The  latter  is  merely  a  shorthand 
(binary)  representation. 

2.  All  entries  are  explicit,  with  no  clever  coding  used  to  "save  bits.”  An 
example  of  such  coding  would  be  the  case  of  two  separate  entries,  one  with 
three  possible  values  and  the  other  with  five  possible  values.  To  store  these 
entries  explicitly  requires  five  bits  (fields  of  two  and  three,  respectively), 
but  the  fifteen  combinations  could  be  expressed  in  four  bits.  Note  also  that 
the  bits  for  any  given  entry  (with  the  single  exception  of  call  duration  in 
the  assignment  list)  are  always  packed  into  a  single  16-bit  computer  word. 

3.  To  the  greatest  extent  possible,  the  lists  have  uniform  block  size, 
minimizing  the  amount  of  random  searching  for  information.  In  the  TAC  list, 
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for  example,  the  information  pertaining  to  each  TAC  occupies  a  block  of  exactly 
seven  words  of  memory,  and  a  block  is  allocated  for  every  TAC  address,  regard¬ 
less  of  whether  that  TAC  is  currently  operational.  The  advantages  of  such  a 
structure  are  twofold.  First,  given  a  TAC  address,  a  pointer  to  the  information 
about  that  TAC  can  be  calculated,  obviating  a  search  from  the  top  of  the  TAC 
list.  Second,  the  TAC  address  need  not  itself  appear  in  the  list. 

The  following  sections  detail  the  formats  of. the  data  base  components. 

1.  Request  Queue 

The  request  queue  contains  circuit  requests  that  are  awaiting  service  by 
the  MAC's  assignment  algorithm.  The  data  for  each  request  occupy  a  block  of 
four  computer  words,  as  shown  in  Fig.  E-l.  The  blocks  are  placed  in  a  first-fit 
buffer,  with  the  order  of  the  assignment  algorithm's  access  to  the  blocks 
controlled  by  a  pointer  list.  The  pointer  list  orders  the  requests  primarily 
by  precedence  and  secondarily  by  their  frames  of  arrival. 
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Fig.  E-l.  Format  of  request  queue  block  and  assignment  list  block. 


Requests  initially  arrive  at  the  MAC  in  ten-byte  blocks  as  shown  in 
Fig.  C-3.  Appendix  C  gives  a  detailed  description  of  this  format.  Processing 
of  these  blocks  by  the  MAC's  input  algorithm  results  in  a  four-word  block  being 
generated  for  each  request.  The  queueing  algorithm  places  these  blocks  in 
their  proper  positions  in  queue.  Comparison  of  the  request  block  format  of 
Fig.  C-3  with  the  request  queue  block  format  of  Fig-  E-l  shows  fields  (2)  -  (9) 
to  be  identical.  These  fields  specify  the  "request  parameters"  to  the  assign- 
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ment  algorithm.  Fields  (1),  (10),  and  (11)  of  Fig.  E-l  are  indicated  as  "spares" 

their  contents  have  already  been  acted  upon  by  the  input  algorithm.  Field  (12)  , 
containing  the  frame  of  day  of  the  request's  arrival  at  the  MAC,  is  appended  by 
the  input  algorithm. 

2.  Assignment  List 

The  assignment  list  provides  information  on  the  usage  of  every  TDMA  slot 
in  each  of  the  nine  FLEETSAT  channels.  A  four-word  block  is  provided  for  each 
slot.  The  blocks  are  ordered  primarily  by  channel  and  secondarily  by  slot. 

Figure  E-l  depicts  the  format  of  assignment  list  blocks  for  slots  which 
are  currently  assigned  to  communications  nets.  Blocks  are  repeated  for  any 
assignment  that  involves  more  than  one  continguous  slot.  These  blocks  are 
directly  derived  from  requests  that  have  been  assigned  satellite  capacity, 
hence  the  similarities  in  the  assignment  list  block  and  request  queue  block 
formats.  Field  (3)  -  (5),  (7)  and  (9)  contain  the  same  data  in  both  formats. 
Field  (2)  in  the  request  queue  format  contains  the  call  duration  specified  in 
frames  for  record  nets  and  in  minutes  for  voice  nets.  Since  the  call  duration 
is  always  specified  in  frames  in  the  assignment  list  blocks,  the  six  bits  of 
field  (11)  as  well  as  the  five  bits  of  field  (2)  are  required  to  specify  the 
duration  of  voice  net  assignments.  Fields  (1),  O0),  and  (6),  respectively, 
specify  the  burst  rate,  code  rate,  and  number  of  slots  being  used  by  assigned 
circuits.  Field  (12)  contains  the  frame  number  in  which  the  circuit  was 
assigned.  Field  (8)  indicates  point-to-point  net  circuits  that  are  supporting 
conference  calls,  i.e.,  cases  where  net  members  other  than  the  original  calling 
and  called  parties  have  been  assigned  to  the  circuit. 

TDMA  slots  that  are  not  assigned  to  communications  nets  are  in  one  of  the 
following  states:  in  the  pool  of  slots  available  for  assignment,  not  currently 
in  the  demand  assignment  pool,  or  in  use  for  system  overhead.  The  assignment 
list  blocks  for  these  slots  are  not  formatted  as  shown  in  Fig.  E-l,  but  con¬ 
tain  a  code  indicating  which  state  the  slot  is  in.  In  the  case  of  slots  being 
used  for  system  overhead,  the  codes  distinguish  between  the  types  of  overhead 
(such  as  slots  being  used  for  control  and  ranging  subslots,  and  slots  being 
used  for  primary,  secondary,  or  tertiary  sets  of  request/report  subslots). 

The  codes  and  their  interpretations  are  shown  in  Fig.  E-2.  They  are  placed 
in  the  low-order  byte  of  the  "frame  of  assignment"  field  of  the  assignment 
list  block,  and  the  remainder  of  the  block  is  set  to  zero.  Note  that  code 
"10,"  indicating  that  a  preemption  has  just  occurred  in  a  given  slot,  is  only 
used  in  the  copy  of  the  assignment  list  forwarded  to  the  System  Operator's 
Console. 

3.  TAC  List 

The  TAC  list  contains  seven-word  blocks,  one  describing  every  TAC  in  the 
system.  The  blocks,  formatted  as  shown  in  Fig.  E-3,  are  ordered  by  their  re¬ 
spective  TAC  addresses.  Fields  (1),  (5),  and  (8)  describe  a  TAC  unit's  commu¬ 

nications  capabilities:  the  type  of  transceiver  (full  or  half  duplex)  it  is 
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Fig.  E-3 


Format  of  TAC  list  block 


equipped  with,  the  control  community(s)  it  is  a  member  of,  and  whether  or  not 
it  is  part  of  a  "large"  platform  equipped  with  multiple  TACs  and  associated 
transceivers.  (The  additional  TACs  on  a  large  platform  are  represented  in  the 
TAC  list  as  consecutive  blocks  with  the  field  (8)  bit  set.)  The  TACs  communi¬ 
cations  capabilities  must  be  considered  by  the  MAC  when  attempting  to  assign 
any  of  its  I/O  ports  to  a  circuit. 

Other  TAC  list  fields  provide  the  MAC'S  assignment  algorithm  with  infor¬ 
mation  on  the  TACs  current  status.  Fields  (2)  -  (4)  contain  estimates  of  the 
TAC's  link  quality:  the  uplink  and  the  downlink  s igna 1 -to-noise  ratios,  and 
the  percentage  of  the  time  RFI  has  been  present  at  the  TAC  unit's  receiver. 

These  estimates  are  sent  to  the  MAC  in  periodic  status  reports  from  the  TAC 
unit  and  are  used  to  determine  the  burst  rate  and  code  rate  required  for  any 
new  assignments  involving  the  unit.  Field  (6)  contains  a  count  of  the  number 
of  consecutive  status  reports  that  the  TAC  has  missed.  If  this  count  becomes 
large  enough,  the  TAC's  transmit  timing  error  is  potentially  larger  than  that 
allowed  for  by  the  TDMA  frame's  data  slot  guard  intervals.  (The  MAC  uses  status 
report  information  to  issue  satellite  range  updates.)  The  MAC  is  able  to 
recognize  this  situation,  placing  the  TAC  in  "off"  status  in  field  (7).  The 
TAC  must  transmit  a  ranging  burst  to  the  MAC  in  order  to  regain  "on"  status. 
(Note  that  the  uplink  s ignal-to-noise  ratio  in  field  (2)  and  the  "receive-only" 
status  option  in  field  (7)  are  not  fully  implemented  in  the  current  version  of 
TACS .  ) 

The  remainder  of  the  TAC  list  fields  describe  the  status  of  the  TAC’s 
four  I/O  ports.  Fields  (14)  -  (17)  give  the  address  of  the  net  that  each  of 
the  I/O  ports  is  associated  with.  (An  indication  is  also  given  of  any  I/O 
port  that  is  not  "connected"  to  a  net.)  If  any  of  the  I/O  ports  is  currently 
assigned  to  a  circuit,  details  of  the  assignment  are  given  in  fields  (9)  -  (13). 
Such  information  on  the  TAC  unit's  ongoing  communications  activity  is  necessary 
for  the  functioning  of  the  assignment  algorithm.  Note  that  field  (13)  contains 
the  assignment  direction  as  seen  from  the  TAC  unit  represented  by  the  TAC  list 
block  in  guestion.  For  example,  a  broadcast  circuit  would  have  an  assignment 
direction  of  "transmit"  in  the  calling  TAC's  block,  and  "receive"  in  the  called 
TAC's  block. 

4  .  Net  List 

The  net  list  contains  information  on  the  charteristics ,  membership,  and 
status  of  the  TACS  communications  nets.  The  format  of  the  data  block  used  to 
describe  each  net  is  given  in  Fig.  E-4. 

The  number  of  members  in  a  net,  and  hence  the  size  of  a  net  list  block, 
is  not  uniform.  Field  (2) ,  defining  the  block  size,  is  used  in  locating  net 
blocks  deep  within  the  list.  Unlike  the  TAC  list,  a  net  list  block  is  not 
necessarily  provided  for  each  net  address  and  the  blocks  are  not  necessarily 
in  order  of  increasing  address.  Field  (1)  is  therefore  used  to  explicitly 
identify  *-he  net  address  for  a  block. 
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Fig.  E-4 .  Format  of  net  list  block. 
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Fie-lels  (4)  -  (10)  eie-fino  a  ni't's  ch.ir.u’tcr  i  st  irs :  the  qcncrnl  class  of 

net  (al 1 -member  or  point-to-point,  record  or  voice,  etc.),  the  control 
community  to  which  the  net's  members  belong,  the  baseband  data  rate  at  the 
not  members'  I/O  ports  (a  rate  of  2400  bps  is  assumed  in  the  current  implemen¬ 
tation),  and  the  set  of  slots  reserved  for  all-member  nets.  (Note  that  the 
slot  set  reservation  mentioned  in  the  last  item  refers  to  reserving,  at  each 
net  member's  transceiver ,  the  capacity  necessary  to  communicate  in  the  slot 
set.  Sutel 1 i te  capacity  is  not  reserved.)  Fields  (12)  and  (11)  specify  the 
net  membership,  i.e.,  which  I/O  ports  on  which  TACs  belonq  to  the  net.  For 
all-member  nets  and  for  controlled  point-to-point  nets,  the  first  member  listed 
is  the  not  controller.  Field  (11)  indicates  the  off /on  status  of  each  member 
of  a  point-to-point  not;  the  bit  in  field  (11)  is  set  if  the  net  member  in 
question  is  currently  assigned  to  a  circuit.  Since  all-member  net  circuits 
always  involve  the  entire  not  membership,  the  single  bit  of  field  (.!)  is  ade¬ 
quate  for  describing  the  off/on  status  of  the  net. 

s .  Satellite  Capacity  Maps 

The  satellite  capacity  maps  provide  a  shorthand  representation  (as  comparer 
to  the  assignment  list)  of  the  status  of  every  TDMA  slot  in  each  of  the  nine 
satellite  channels.  Information  is  given  on  whether  or  not  each  slot  is 
currently  in  use,  and  on  the  precedence  level  of  those  slots  that  are  being 
used.  (Each  request,  and  hence  each  assignment  in  TACS  is  tagged  with  a 
precedence  level  ranging  from  1  (highest)  to  S  (lowest).)  There  is  one  map 
for  each  of  the  five  precedence  levels.  Slots  indicated  as  available  for 
assignment  in  the  map  for  precedence  I,  are  either  unoccupied  or  are  occupied 
by  assignments  of  precedence-  lower  than  T,.  Such  a  slot  may  be  assigned  to 
any  calls  for  precedence  I,  or  higher  (after  any  necessary  preemptions).  Slots 
flagged  as  available  in  t  lie  precedence  %  map  are  unoccupied  and  are  available 
for  calls  of  any  precedence.  Conversely,  those;  flagged  as  unavailable  in  the 
precedence  1  map  are  unavailable  to  calls  for  any  precedence. 

The  layout  of  a  segment  of  the  satellite-  capacity  map  set  is  elopie-ted  in 
Ficj.  F:-ri.  Fete'll  of  the'  nine  words  in  a  map  corresponds  to  a  partie-ular  sute'llite 
channe-1,  and  cacti  bit  within  a  wore!  e-orre-sponels  to  a  slot  within  the-  channel 
(bits  left  justified).  For  example',  bit  position  1  from  t  tie-  lef  thane!  siele-  of 
the'  sixth  worel  in  a  map  corresponds  to  slot  r>  of  channe'l  6.  Wlie'ti  an  assignnu-nt 
of  precedence'  level  I,  is  ntaele’,  the  bits  correspond!  net  to  the  assignexi  channe'l 
and  slot(s)  in  the’  map  for  prcce'eience  K've'l  I,  and  in  the'  maps  for  all  le'we'r 
pre'cexlence  le-ve'ls  (down  to  le've'l  5)  are'  set  to  ze-ro ,  indicat  inei  that,  fen- 
thoso  le've-ls,  the'  particular  slots  arc  pre'sent  ly  unavailable.  Figure  F  - r- 
indicates  the  representation  of  a  pre'ceelence  4  circuit  assignme'nt  in  slot  4 
of  channel  2. 

Slots  that  are  be'ing  used  feir  system  overhead  or  that  are-  not  in  t  lie’ 
drmand  assignment  pool  are  coded  in  t Ire'  satellite  capacity  maps  in  the'  same- 
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E-5.  Format  of  segment  of  satellite  capacity  maps. 


manner  as  precedence  1  assignments.  These  slots,  therefore,  remain  unavailable 
for  assignment  to  calls  of  any  precedence  until  either  the  MAC  or  the  system 
operator  reconfigures  the  system. 

Two  complete  sets  of  the  satellite  capacity  maps  are  maintained,  one 
representing  the  actual  slot  status  and  the  other  serving  as  a  scratchpad 
copy  for  the  assignment  algorithm* s  routines.  The  maps  are  a  powerful  tool, 
as  they  simplify  the  MAC'S  job  of  searching  for  satellite  capacity  while 
minimizing  the  preemption  impact  of  new  assignments. 


APPENDIX  F 

VARIAN  MINICOMPUTER  MEMORY  MAP 


Figure  F-l  is  a  memory  map  for  the  Varian  minicomputer  hosting  the  MAC. 

Each  block  of  memory  displayed  in  the  figure  contains  computer  instructions 
and/or  data  that  are  part  of  the  MAC,  the  Var ian-resident  Call  Simulator 
(described  in  Appendix  H) ,  or  the  Debug  operating  system. 

The  Varian  620/L-100  has  32K  available  16-bit  words  of  core  memory, 
expressed  as  octal  addresses  00000  through  77777.  The  address  range  occupied 
by  each  block  in  Fig.  F-l  is  indicated  (in  octal)  to  the  block's  left.  The 
block  size  (in  decimal  words)  is  indicated  beneath  the  block's  label.  The 
figure,  clearly,  is  not  drawn  to  scale. 

The  memory  organization  of  Fig.  F-l  is  the  result  of  a  long  evolutionary 
software  development  process.  The  sizing  and  positioning  of  the  memory  blocks 
have  been  influenced  by  many  factors,  including  Varian  hardware  architecture, 
the  structure  of  the  Debug  operating  system,  MAC  software  details,  debugging 
convenience,  etc.  The  reader,  therefore,  should  not  be  overly  concerned  with 
the  exact  size  and  location  of  each  item  in  memory;  Fig.  F-l  is  primarily  pre¬ 
sented  to  provide  an  order  of  magnitude  feeling  for  the  amount  of  computer 
memory  that  has  been  required  by  the  components  of  the  current  MAC  implementa¬ 
tion.  A  brief  description  of  the  memory  segments  displayed  in  Fig.  F-l  follows. 

The  "lower"  100g  and  the  "upper"  10000g  words  of  Varian  memory  are  reserved 
for  the  use  of  the  Debug  operating  system  (except  for  a  few  locations  used  by 
the  MAC  for  interrupt  vectors) .  Other  low-address  memory  locations  are 
occupied  by  the  pointers  and  literals  generated  by  the  assembly  of  the  MAC  code. 
Literals  are  also  generated  by  the  compilation  of  the  Varian-resident  version 
of  the  Call  Simulator.  The  Varian-resident  Call  Simulator,  written  mostly  in 
FORTRAN,  interfaces  with  its  small  number  of  assembly  language  subroutines  via 
common  access  to  a  block  of  global  parameters.  The  Varian  simulator/MAC  inter¬ 
face  is  similarly  accomplished  by  allowing  common  access  to  the  data  base. 

The  remaining  segments  of  Varian  computer  memory  make  up  the  MAC.  The 
net  list,  request  queue,  assignment  list,  TAC  list,  and  satellite  capacity  maps 
are  the  major  components  of  the  MAC  data  base.  Other  memory  segments  are  also 
part  of  the  MAC  data  base:  the  tables  used  to  calculate  the  uplink  quality  of 
system  subscribers,  parameoers  describing  the  current  scenario  (besides  those 
in  the  TAC  and  net  lists)  passed  to  the  MAC  by  the  Scenario  Generator,  and  other 
assorted  parameters  and  tables.  The  MAC  also  has  three  input  buffers  and  two 
output  buffers  used  for  its  interface  with  the  three  other  Central  Control 
Facility  units.  (The  control  burst  output  buffer  is  used  for  output  to  both 
the  Master  TAC  and  the  (non-resident)  Call  Simulator.)  Note  that  a  small 
number  of  assembly  language  "utility"  routines,  used  for  MAC  testing  and  for 
Varian-resident  Call  Simulator  operations,  are  included  in  the  memory  block 
labeled  "MAC  routines". 
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Fig.  F-l .  Varian  minicomputer  memory  map 


APPENDIX  G 
MAC  ALGORITHM 
FOR 

DETERMINATION  OF  LOCAL  TDMA  SLOT  AVAILABILITY 

In  the  course  of  considering  a  circuit  request  from  a  member  of  a  point- 
to-point  net,  the  MAC  must  determine  which  of  the  time  slots  each  party  to  the 
request  is  capable  of  accessing.  The  question  is  one  of  transceiver  (radio) 
availability.  An  algorithm  which  lends  itself  to  computer  implementation  has 
been  designed  to  make  that  local  slot  availability  determination  for  an 
individual  terminal.  This  algorithm  takes  into  account  the  requirement  that 
each  terminal  must  have  continual  access  to  both  the  control  and  request/report 
subslots,  and  also  accounts  for  the  terminal's  ongoing  communications  traffic 
of  precedence  greater  than  a  specified  preemption  threshold.  The  algorithm  is 

generalized  in  that  it  is  applicable  for  terminals  equipped  with  either  half- 

* 

or  full-duplex  radios,  in  any  number. 

The  slot  availability  algorithm  consists  of  two  stages.  Stage  one, 
accomplished  by  a  subroutine  designated  XSUM,  consists  of  accumulating  informa¬ 
tion  about  terminal  configuration  and  all  pertinent  transceiver  activity,  and 
placing  that  information  in  an  organized,  tabular  form.  Stage  two,  implemented 
in  the  subroutine  XSLT,  accepts  the  transceiver  configuration/activity  table 
as  input,  compares  activity  to  resources,  and  outputs  the  des’T_’d  binary  map 
of  the  slots  that  the  terminal  is  capable  of  using  to  support  a  new  circuit. 

The  remainder  of  this  appendix  details  the  two  stages  of  the  algorithm,  and, 
in  recognition  of  the  fact  that  the  explanation  still  may  not  be  perfectly 
clear,  concludes  with  an  example  of  slot  availability  determination. 

1.  Tabulation  of  Local  Transceiver  Configuration  and  Activity 
(Subroutine  XSUM) 

Inputs  to  this  process  include  the  complete  address  (i.e.,  TAC  unit  and 
I/O  port)  of  the  party  to  the  call  and  the  current  value  of  that  party's  pre¬ 
emption  threshold.  The  address  is  used  to  calculate  a  pointer  to  the  block  of 
information  in  the  TAC  list  which  pertains  to  the  particular  subscriber  unit. 

An  individual  TAC  list  block,  described  in  Fig.  E-3,  contains  all  available  in¬ 
formation  concerning  a  given  subscriber  unit's  (and  through  a  one-to-one 
association,  it's  transceiver's)  configuration  and  present  communications 
involvements.  Adjacent  blocks  in  the  TAC  list  may  indicate  other  transceivers 
(and  hence  TAC  units)  which  arc  colocated  on  the  same  platform  as  the  terminal 


* 

"Large  platforms"  are  platforms  equipped  with  multiple  TACs  and  their  associated 
transceivers.  The  transceivers  on  such  platforms  are  expected  to  be  used  in  a 
pooled  fashion,  i.e.,  the  total  platform  transceiver  capacity  is  assumed  to  be 
shared  among  all  of  the  platform's  TAC  units  for  establishing  circuits.  Note 
that  such  an  arrangement  requires  that  only  one  transceiver  per  platform  must 
access  the  control  and  request/report  subslots  at  any  given  time. 
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Fig.  G-l.  Transceiver  configuration/activity  summary 
table  (generated  by  XSUM) . 
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and  which  might  also  be  used  to  support  the  prospective  new  call.  If  necessary , 
the  MAC  repositions  the  TAC  list  pointer  upwards  such  that  it  directs  attention 
to  the  first  block  in  the  list  which  pertains  to  a  transceiver  at  the  platform 
in  question.  The  MAC  then  makes  a  single  downward  pass  through  the  region  of 
the  TAC  list  corresponding  to  the  platform,  and  accumulates  transceiver-oriented 
information  in  a  table  structured  as  shown  in  Fig.  G-l.  Upon  completion  of  the 
information  gathering  process,  the  first  two  entries  (words)  in  the  table  con¬ 
tain  total  counts  of  half-  and  full-duplex  radios  at  the  platform.  One  of 
these  entries  must  be  zero,  since  the  terminals  on  a  platform  must  be  either 
totally  full-duplex  or  totally  half-duplex  radio  equipped.  The  third  table 
entry  is  a  count  of  all  current  receive-only  activities  (circuits)  requiring 
the  transceivers  during  the  first  time  slot  in  the  frame.  Similarly,  the  rest 
of  the  table  reflects  receive-only,  transmit-only  and  interactive  (two-way) 
activities  in  the  various  slots  of  the  TDMA  frame.  Continual  receipt  of  the 
control  subslot  and  ability  to  transmit  in  the  request/report  subslots  are 
reflected  in  the  table.  Certain  current  communications  activities  for  the 
terminal  are  not  included  in  the  table.  First,  any  call  already  occupying 
the  I/O  port  needed  for  the  prospective  new  call  is  ignored,  since  that  old 
call  must  terminate  in  order  for  the  new  one  to  commence.  Second,  no  activity 
of  precedence  below  the  preemption  threshold  is  logged  into  the  table.  Thus 
the  table  indicates  terminal  transceiver  status  after  any  virtual  preemptions 
needed  to  free  I/O  or  transceiver  resources. 

2.  Generation  of  Slot  Availability  Map  (Subroutine  XSLT) 

The  desired  final  map  consists  of  a  single  16-bit  computer  word,  with 
each  one  of  the  leftmost  nine  bits  corresponding  to  one  of  the  nine  TACS  TDMA 
slots  and  indicating  whether  or  not  that  slot  is  accessible  by  the  transceivers 
available  to  the  particular  user.  Ones  signify  that  the  slot  is  available, 
and  the  map  is  initialized  (optimistically!)  to  an  "all-ones"  state. 

For  each  slot,  individually,  the  MAC  must  compare  current  local  transceiver 
activity  to  total  local  transceiver  resources.  This  comparison  may  be  expressed 
in  terms  of  the  six  inequalities  listed  below: 
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The  quantity  TN  is  the  total  count  of  transmit-only  activities  (circuits) 
requiring  the  platform's  radio(s)  during  slot  N,  and  is  available  directly  by 
using  N  as  a  pointer  in  the  T  segment  of  the  transceiver  activity  table  (refer 


to  Fig.  G-l).  Similarly  R  and  I  correspond  to  counts  of  receive-only  and  inter- 
activer  (two-way)  circuits.  Subscripts  must  be  evaluated  modulo  9.  The 
designations  H  and  F  refer,  respectively,  to  the  total  numbers  of  half-duplex 
and  full-duplex  radios  available  on  the  platform.  At  this  point,  it  is  worth 
noting  that  H  +  2F  is  the  maximum  number  of  data  streams  which  can  be  handled 
simultaneously  by  the  platform’s  radios.  Also,  H  +  F  is  the  maximum  number  of 
receive  or  transmit  operations  which  the  platform  can  simultaneously  support. 

Due  to  the  TDMA  slotting  and  to  propagation  delays,  uplink  usage  of  a  given 
slot  impacts  downlink  usage  of  several  other  slots  (and  conversely) .  With 
reference  to  Fig.  G-2,  if  a  half-duplex-radio  equipped  terminal  were  trans¬ 
mitting  in  slot  7  it  could  not  simultaneously  support  circuits  requiring  data 
receipt  in  either  of  slots  5  and  6.  Inequalities  (a) ,  (b) ,  and  (f)  relate  to 
the  uplink,  and  downlink  capacity  is  character i2ed  by  the  analogous  inequalities 
(c) ,  (d) ,  and  (e) .  Figure  G-2(c)  gives  a  large-scale  presentation  of  the  timing 
relationships  for  a  single  time  slot,  designed  slot  N.  The  four  regions  labeled 
"A"  through  "D"  on  the  time  axis  relate  directly  to  inequalities  (a)  through  (d) , 
above,  and  encompass  the  total  time  impacted  by  slot  N.  Starting  with  uplink 
considerations  and  more  specifically  examining  region  A,  it  can  be  seen  that 
transmitting  (T  or  I)  in  slot  N  occurs  simultaneously  with  receiving  (R  or  I) 
in  slot  N-2.  This  observation  leads  immediately  to  inequality  (a),  which 
indicates  that  in  order  to  establish  a  new  uplink  in  slot  N,  the  total  of 
ongoing  activities  must  be  less  than  the  total  radio  capability.  An  identical, 
but  time-shifted,  argument  applies  to  region  B  (and  inequality  (b) ) .  Finally, 
inequality  (f)  expresses  the  constraint  that,  for  both  regions  A  and  B,  the 
total  of  existing  transmit  circuits  must  be  less  than  the  total  number  of 
radios.  The  origins  of  the  three  downlink  inequalities  follow  from  similar 
arguments . 

If  the  prospective  new  call  is  to  include  interactive  traffic,  then  the 
MAC  must  test  for  both  uplink  and  downlink  availability.  This  means  that  all 
six  inequalities  must  be  strictly  satisfied.  For  calls  requiring  receive-only 
and  transmit-only  capability,  respectively,  the  algorithm  only  requires 
satisfaction  of  inequality  sets  { (c) , (d) , (e) )  and  { (a) , (b) , (f ) ) . 

3.  Example  of  Slot  Availability  Map  Generation  Process 

This  example  illustrates  the  algorithm  by  which  the  MAC  determines  in 
which  TDMA  slots  a  platform  has  the  available  transceiver  resources  with  which 
to  participate  in  new  communications  activities.  For  illustrative  purposes,  a 
quite  simple  platform  configuration  has  been  chosen,  as  depicted  in  Fig.  G-3. 

It  is  assumed  that  the  platform  has  a  single  available  radio  and  that  besides 

accessing  the  control  and  request/report  subslots,  the  platform  is  presently 
involved  in  two  communications  circuits.  One  circuit  is  an  interactive  (two- 
way)  voice  call  in  slot  number  3  and  is  labeled  "VI"  on  the  middle  time  axis 
(t  .  ....  )  of  the  figure,  and  the  other  circuit  is  the  receipt  of  broadcast 

record  traffic  in  slot  number  8  and  is  labeled  "Rl.”  Lower  left  to  upper  right 
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Fig.  G-3.  Example  frame  timing  diagrams. 
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hatching  indicates  time  intervals  during  which  the  platform's  transmitter  is 
potentially  busy.  Similarly,  upper  left  to  lower  right  hatching  indicates 
receiver  busy  periods.  Part  (b)  of  Fig.  G-3  depicts  a  transceiver  idle/busy 
function,  and  is  applicable  only  in  the  case  of  a  half-duplex  radio. 

The  first  stage  of  the  algorithm  involves  tabulation  of  ongoing  trans¬ 
ceiver  activity  (including  control  and  request/report  subslot  access)  as  a 
function  of  TDMA  slot  for  the  platform.  The  subroutine  XSUM  is  passed  a  pre¬ 
emption  threshold,  and  ignores  all  ongoing  communications  which  fall  below  the 
threshold;  thus  low  precedence  calls  are  effectively  preempted.  For  this 
example,  it  is  assumed  that  the  preemption  threshold  is  set  at  the  lowest  level, 
and  hence  all  of  the  platform's  ongoing  traffic  is  included  in  the  table  (Fig. 
G-4 )  . 
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Fig.  G-4.  Example  transceiver  configuration/activity 
summary  table. 
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The  second  stags  of  the  algorithm  results  in  generation  of  the  desired 
binary  map  of  available  slots.  The  input  to  that  subroutine  (XSLT)  is  the 
transceiver  configuration/activity  table,  which  is  used  to  evaluate,  slotwise, 
the  set  of  strict  inequalities  previously  described.  If  all  of  the  necessary 
inequalities  are  satisfied  for  a  particular  TDMA  slot,  the  platform  has  the 
transceiver  resources  required  to  work  that  slot.  The  top  part  of  Fig.  G-5 
tabulates  the  values  of  the  two  sides  of  each  inequality  for  each  TDMA  slot, 
for  our  example  half -duplex  terminal.  Each  entry  (box)  contains  two  numbers, 
separated  by  a  diagonal  line.  The  number  above  the  line  is  the  value  of  the 
left-hand  side  of  the  inequality,  and  conversely.  Below  the  inequality  table 
are  the  three  possible  output  binary  slot  maps.  The  top  map,  labeled  I  for 
interactive  or  two-way  circuits,  contains  unity  entries  in  those  slot  positions 
for  which  all  six  inequalities  ((a)  through  ( f ) )  are  satisfied,  and  hence 
indicates  slots  which  could  be  used  by  the  platform  to  support  a  new  interactive 
call.  In  a  similar  vein,  the  middle  (R)  map  contains  unity  entries  in  the  slot 
positions  for  which  inequalities  (c) ,  (d)  and  (e)  are  satisfied.  Note  that 
this  map  indicates  exactly  what  is  easily  observable  from  Fig.  G-3  -  that  the 
platform's  receiver  is  available  during  slots  4  through  7. 


lU3i01-s| 


Fig.  G-5.  Inequalities  and  slot  maps  for 
example  half-duplex  platform. 


169 


Pursuing  this  example  one  step  further,  let  us  assume  that  the  platform 
has  a  single  full-duplex  radio.  The  timing  diagram  (Fig.  G-3(a))  and  the 
transceiver  activity  part  of  Fig.  G-4  remain  the  same,  but  the  resultant  in¬ 
equalities  and  slot  maps  are  as  depicted  in  Fig.  G-6.  The  greater  capability 
of  a  full-duplex  radio  manifests  itself  in  the  form  of  more  ones  in  the  maps! 
Again  the  maps  indicate  what  is  obvious  from  Fig.  G-3  -  e.g.,  that  the  full- 
duplex  radio  equipped  platform  can  add  a  new  interactive  call  using  any  slot 
from  the  set  (1,4, 5, 6, 7). 


Fig.  G-6.  Inequalities  and  slot  maps  for 
example  full-duplex  platform. 
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VARTAN  CALL  SIMULATOR 

The  TACS  Call  Simulator  was  originally  programmed  on  the  Varian 
minicomputer.  Its  first  application  was  as  a  source  of  diverse  circuit  requests 
with  which  to  debug  the  MACs  assignment  algorithm  software.  Since  the  Call 
Simulator  and  MAC  were  running  on  the  same  machine,  they  needed  no  interrupt- 
driven  real-time  structure  to  maintain  synchronism.  On  an  alternating  basis, 
each  routine  (MAC  and  simulator)  took  control  of  the  Varian  minicomputer  and 
accomplished  all  of  its  required  processing  for  a  given  time  frame,  before 
handing  the  computer  over  to  the  other  routine.  The  total  time  required  for 
combined  MAC  and  simulator  processing  per  frame  was  on  the  average  much  less 
than  the  TACS  frame  duration  of  approximately  two  seconds,  so  in  that  sense 
the  MAC  and  Varian  Call  Simulator  could  run  in  f aster-than-roal  time. 

Ultimately  the  MAC  was  interfaced  with  the  real  TACS  subscriber  units,  at 
which  point  all  TACS  equipment  was  forced  to  adopt  real-time  structures  con¬ 
forming  to  the  frame  structure.  For  two  reasons,  the  Call  Simulator  was 
thereafter  separated  from  the  MAC,  and  placed  on  a  Digital  Equipment  Corpora¬ 
tion  (DEC)  PDP-11/03  minicomputer.  MAC  software  was  expected  to  grow  in 
complexity  yet  it  and  the  simulator  would  have  only  finite  processing  time 
available,  as  defined  by  the  frame  structure.  Thus  arose  the  distinct  possi¬ 
bility  that  during  rare  frames  of  extremely  heavy  circuit  request  activity  the 
Varian  minicomputer  miqht  simply  not  be  fast  enough  to  complete  both  routines. 
Placinq  the  Call  Simulator  (which  consists  mainly  of  comparatively  slow-  FORTRAN 
code)  on  the  DEC  machine  relieved  a  large  portion  of  the  Varian  machine's 
processing  burden.  In  addition,  it  was  felt  that  both  MAC  performance  testing 
and  system  demonstrations  would  bo  much  more  realistic  and  convincing  if  the 
source  driving  the  MAC  were  located  in  a  different  machine. 

Even  after  the  DF.C  version  of  the  Call  Simulator  became  available,  the 
Varian  simulator  was  maintained  and  its  request  generation  software  was  up¬ 
graded  in  parallel  as  features  were  added  to  the  DEC  simulator.  In  all  aspects 
other  than  request  generation,  the  DEC  simulator  became  signif icantly  more 
realistic  than  its  Varian-based  analogue.  The  motivation  for  keeping  the 
Varian  simulator  was  its  ability  to  run,  alono  with  the  MAC,  at  a  high  rate 
independent  of  the  TACS  frame  structure.  This  allowed  quick  generation  of 
various  types  of  demand  assignment  performance  data,  with  speed  gains  of  as 
much  as  a  factor  of  ten. 

The  DEC  Call  Simulator  is  descr i bed  in  detail  in  Section  IIT  of  this 
report.  In  many  regards,  especially  with  respect  to  request  generation,  the 
DEC  and  Varian  Call  Simulators  are  idential,  so  this  appendix  highlights  only 
the  significant  differ--  cos.  The  first  two  sections  list  functional  and 
implementation  differences,  respectively.  The  final  section  describes  the 
Varian  Call  Simulator's  algorithm  for  transmitting  requests  to  the  MAC. 
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1.  Functional  Differences 

The  Call  Simulator  available  on  the  Varian  minicomputer  differs  from  the 
final,  re'alistic,  PDP-1 1/03-based  Call  Simulator  in  the  ways  that  it  handles 
the  following  functions: 

a.  Status  Report  Generation 

The  Varian  Call  Simulator  generates  no  periodic  status  reports 
from  simulated  active  terminals.  Tn  addition,  the  Varian  simulator 
does  not  offer  dedicated  subslots  for  transmission  of  either  reports 
or  requests.  Thus  all  requests  must  use  random  access  (shared)  sub¬ 
slots,  and  they  arc  all  subject  to  contention.  Another  ramification 
of  not  generating  reports  is  that  no  subsequent  range  update  messages 
must  be  sent  in  the  control  burst.  As  a  result,  an  unrealistically 
large  amount  of  the  control  burst  capacity  is  available  for  demand 
assignment  messages  (i.e.,  assignments,  preemptions  and  call  progress 
messages)  issued  by  the  MAC. 

b.  Contention  for  Shared  Request/Report  Subslots 

Rather  than  sending  all  requests  to  the  MAC,  waiting,  and 
assuming  contention  in  the  event  of  no  prompt  response,  the  Varian 
Call  Simulator  itself  fiqures  out  which  of  its  requests  would  have 
contended  and  it  only  passes  on  non-contending  requests  to  the  MAC. 

All  requests  which  collide  wait  for  one  frame  only  and  arc  then 
immediately  retransmitted  in  a  randomly  chosen  request/report  subslot. 
Naturally  the  requests  are  once  again  subject  to  contention  and  fur¬ 
ther  retransmission.  The  Varian  Call  Simulator  docs  not  use  the 
"number  of  previous  request  attempts"  field  embedded  in  the  request 
format.  Instead,  the  last  word  of  a  request  generated  by  the  Varian 
simulator  and  residing  in  the  MAC'S  queue  is  the  frame  of  the  request's 
qener at i on  (not  the  frame  of  arrival  at  the  MAC;  see  Fig.  F  —  1 ) .  By 
comparing  current  frame  count  to  frame  of  aencration,  the  MAC  (or 
person  operating  the  MAC)  can  determine  how  many  times  a  request  was 
transmitted  before  successfully  getting  throunh. 

c.  Request  Queueing 

When  the  MAC  is  operating  with  the  Varian  Call  Simulator,  its 
input  algorithm,  which  transfers  incoming  requests  from  the  Call 
Simulator  (DMA)  input  buffer  to  a  "temporary"  buffer  preparatory  to 
queueing,  is  disabled.  The  Varian  Call  Simulator  places  its  requests 
directly  into  the  temporary  buffer.  In  essence,  the  part  of  the  MAC 
which  is  necessary  for  operation  with  the  real  subscriber  units  is 
short-circuited,  so  it  is  impossible  to  drive  the  MAC  simultaneously 
with  real  and  Varian-simulated  requests. 
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:.  Che-  -k  i :  for  Multiple  Penning  Requests 

The  TA.C/  su);si.T  lber  units  are  programme  d  not  to  allow  a  given 
mar  (i.<  .  ,  a  •  irt  u-ular  ’I'AC  ’  s  1/0  port)  to  make  a  new  circuit  request 
if  t  !.e  usei  .il:  c.hIv  has  a  request  i  endit.o.  The  DEC  version  of  the 
Call  Simulator  also  follows  this  protocol,  by  eompar inq  tht  ca  1 1 1 n<t 
:  arty  address  i  i:  each  newly  generated  r>  ciuest  to  the  call  inq  party 
addn  rp  it:  all  request  s  1  e  i  no  held  awa  i  t  i  ng  response ,  and  casting  out 
t  !:•■  :.ewly  generated  reuu«*st  if  tt  constitutes  a  "duplicate."  Tht 
Varian  Cull  Pimulat*  r  doer  not  perform  such  a  test.  Hence  one  must 
It  careful  in  i  n  terpre  t  i  no  MAC  jx-rf  orm^ne'e  test  data  generated  with 
tin-  Varinn  simulator.  Tin-  second  of  a  pair  of  pend i no  requests  to 
irr;vi  at  the  MAC  will  normally  find  that  the  first  request  has 
received  an  assignment .  The  result  is  loth  unrealistic  and  dots  not 
cot: form  to  the  input  process  for  most  queue inq  models:  wo  have  a 
particular  user  either  l -lock inq  (if  the  second  request  is  of  equal 
or  lower  precedence  than  the-  first)  or  preemptinq  hjmself. 

2.  Implementation  Differences 

The  Varian  and  DEC  Call  Simulators  differ  in  some  ways  which  do  not  affect 
functional  performance,  but  which  are  siqnificant  r-noucih  to  warrant  mention: 

a .  Rea  1 -t imo  Operat i on 

As  previously  indicated,  the  Varian  Call  Simulator  does  not 
require  any  real-time  software  structure  to  maintain  synchronism 
with  the  MAC.  The  two  routines  may  be  operated  together  at  a  very 
high  rate  of  speed.  Tf,  however,  it  is  desired  to  use  the  display/ 
command  package  of  the  System  Operator's  Console,  the  MAC  must  conform 
to  the  standard  TACS  two-second  frames.  It  is  possible  to  invoke 
MAC  real-time  mode  of  operation,  and  the  Varian  Call  Simulator  simply 
"comes  along  for  the  ride."  Note  that  there  is  only  one  vet  ..on  of 
the  Varian  Call  Simulator  software,  whereas  the  DEC  Call  Simulator 
with  its  real-time  software  exists  in  both  five-  and  nine-slot  frame 
structure  versions. 

b.  Data  Base 

A  Call  Simulator  needs  an  up-to-date  version  of  part  of  the 
MAC's  data  base.  Sim--  it  i s  resident  in  the  same  machine,  the 
Varian  simulator  simply  ,i.--  tl.-  data  base  lists  which  are 

maintained  by  the  MAC.  ?:.<  f!(  c  simulator,  on  the  other  hand,  in¬ 

cludes  a  l.ir-h  Indy  of  :  off  war*  d*  die  it-d  to  refleet  inq  current 
system  status  in  its  own  dal  a  I  are  lists. 

c.  Random  Number  c.enera'or 

The  DEC  Call  Simulator  us-s  ‘  fORTRAN- i nvokab 1 e  random  number 
generator  function  whin!  is  trovi  led  wit!.  Pidi'al's  RT-11  operating 
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system.  The  V.ir lan  simulator  calls  a  apteral-purpose  random  number 
generating  subroutine  which  was  written  at  Lincoln  Laboratory  for  a 
project  previous  to  TACS. 

d.  Number  of  Request/Report  Subslots 

The  number  of  request/report  subslots  available  to  the  DEC  Call 
Simulator  is  one,  two,  or  three  times  the  number  which  will  pack  into 
a  basic  data  slot,  the  total  number  being  dependent  on  whether  the 
MAC  operator  has  opened  up  any  secondary  or  tertiary  request/report 
subslots.  The  DEC  simulator  extracts  that  information  from  the 
MAC'S  control  burst.  The  Varian  Call  Simulator  may  work  with  any 
number  of  (shared)  request/report  subslots  in  the  range  one  to 
sixteen.  The  exact  number  must  be  specified  at  program  initial¬ 
ization  time  by  the  MAC/simulator  operator. 

o.  Request  Holdinq  Limit 

The  Varian  Call  Simulator  lias  a  request  buffer  limit  of  100 
requests,  including  those  generated  in  earlier  frames  being  held  for 
retransmission  and  those  generated  in  its  current  frame.  When  the 
buffer  becomes  filled,  the  simulator  stops  generating  new  requests 
(for  the  current  frame)  and  also  increments  a  counter.  At  the  end 
of  a  simulation  run,  the  operator  may  inspect  the  counter  to  deter¬ 
mine  during  how  many  frames  the  buffer  was  filled.  In  practice, 
the  buffer  capacity  was  never  taxed. 

3.  Request  Transmission  Algorithm 

The  Varian  Call  Simulator's  request  transmission  scheme  takes  over  imme¬ 
diately  after  generation  of  the  current  frame's  new  requests  is  completed. 

Both  held-over  and  new  requests  arc  expected  to  be  packed  at  the  top  of  the 
simulator's  request  buffer  (designated  IHOBUF  in  the  software).  A  16-element 
array  (designated  KTHSLT) ,  each  element  of  which  corresponds  to  a  particular 
request/report  subslot,  must  be  initialized  to  an  all-zero  state.  The  request 
transmission  algorithm  consists  of  the  following  steps: 

a.  Sequentially,  for  each  request  in  the  IHOBUF  buffer  (other  than 
those  requests  emanting  from  the  central  control  site,  and  readily 
identifiable  by  the  fact  that  their  calling  TAC  address  is  in  the 
range  1-9)  randomly  chose  a  request/report  subslot.  If  the  position 
in  KTHSLT  corresponding  to  that  subslot  is  still  zero,  the  subslot 
has  not  been  used  by  any  other  request.  "Capture"  that  subslot  by 
replacing  the  zero  with  a  pointer  to  the  request.  If  the  position 
in  KTHSLT  corresponding  to  the  chosen  subslot  is  a  positive  number 
(i.e.,  pointer  to  another  request  which  has  tried  to  claim  use  of 
the  subslot)  then  a  collision  has  just  occurred.  Replace  the  pointer 
with  a  minus  one  to  indicate  contention.  Finally,  if  the  position  in 
KTHSLT  corresponding  to  the  chosen  subslot  is  a  minus  one,  then  two 


or  more  requests  have  already  collided  in  that  slot.  No  change  in 
the  contents  of  the  KTHSLT  array  is  necessary. 

b.  Proceed  sequentially  through  the  KTHSLT  array,  looking  for 
positive,  non-zero  entries.  These  are  pointers  to  requests  whose 
transmissions  were  successful  (i.c.,  did  not  contend  with  any  other 
requests).  Use  the  pointer  to  locate  the  request  in  IHOBUF.  Move 
the  request  to  the  MAC's  temporary  (queueing)  buffer,  and  zero  out 
the  old  copy  of  the  request  in  IHOBUF. 

c.  Sequentially  from  the  top,  search  IHOBUF  for  requests  emanating 
from  the  central  control  site.  Move  any  such  requests  found  into 
the  MAC's  temporary  buffer  and  zero  out  the  old  copy  in  IHOBUF. 

d.  At  this  point,  IHOBUF  consists  solely  of  requests  which  contended 
with  each  other  for  request/report  subslot  capacity,  and  of  randomly 
spaced  blocks  of  zeros  where  the  requests  which  were  successful  in 
getting  through  to  the  MAC  used  to  be.  Consolidate  all  the  remaining 
requests  into  the  top  part  of  request  buffer.  New  requests  which  are 
generated  in  the  next  frame,  will  be  placed  immediately  below  the 
held-over  requests. 
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